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EXPERIMENTS    ON    THE    FAN    BLAST. 


By  Mb.  William  Buckle,  of  Birmingham. 


The  present  pa^^er  has  reference  to  a  portion  of  a  series  of  Experiments 
OB  the  Fan  Blast. — a  subjectwhich  many  members  of  this  Institution  are 
conversant  with  ;  but  it  is  hoped  that  the  hints  here  thrown  out  may  be 
servioeable  in  leading  to  such  constructions  of  the  fan  as  shall  ensure 
the  greatest  useful  effect  with  the  least  expenditure  of  power.  The 
£eui  has  become  an  indispensable  machine  in  smithies  and  foundries ; 
it  abridges  tune  and  labour,  and  is  otherwise  a  great  improvement 
over  the  old  system  of  bellows.  The  puffy  blasts  of  the  latter  admit 
of  no  comparison  with  the  uniform  stream  obtained  by  the  fan.  By 
means  of  the  fan  the  smith  can  heat  his  work  with  precision,  can  vary 
at  discretion  the  size  of  his  nozzle  tuyere,  without  deteriorating  the 
dennty  of  his  blast ;  and  can  conveniently  heat  one  piece  of  work 
w^hile  shining  another. 

In  a  well  r^;ulated  smithy,  the  main  pipe  from  the  fan  is  furnished 
with  an  air  chest  and  with  nozzle  pipes  varying  from  1  to  3  inches 
diameter.  The  pressure  of  the  blast  is  made  to  range  from  4  to  5 
onnoes  per  square  inch.  A  nozzle  pipe  of  If  inch  diameter  is  found 
a  suitable  size  for  general  engine  f  orgings. 

The  position  of  the  £eui  in  its  chest,  that  is  preferred  and  generally 
adopted,  is  an  eccentric  position.  The  continually  increasing  winding 
passage  between  the  tips  of  the  vanes  and  the  chest  serves  to  receive 
the  air  from  every  point  of  the  circumference  of  the  fan,  and  produces 
a  general  accumulating  stream  of  air  to  the  exit  pipe.  The  particles 
of  air  having  passed  the  inlet  opening,  and  entering  on  the  heel  of  the 
vane,  would  retain  the  same  di'cular  path,  were  it  not  for  the  centri- 
fugal force  of  the  air  due  to  its  weight  and  velocity  impelling  them 
forward  towards  the  tips  of  the  vanes,  and  this  continued  action  is 
going  on,  particle  following  particle,  till  they  are  ultimately  thrown 
against  the  fan  chesty  and  are  impelled  forward  to  the  exit  pipe.  It 
is  by  this  centrifugal  action  that  the  air  becomes  impelled  and  acc^^ 
mulated  into  one  general  stream.     But,  as  will  be  pi-esently  si 
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there  is  a  certain  velocity  of  the  tips  of  the  vanes  which  best  suits 
this  action. 

An  ordinary  eccentric-placed  fan,  4  feet  diameter,  with  vanes  1 C 
inches  wide  and  14  inches  long,  and  making  870  revolutions  per 
minute,  will  supply  air  at  a  density  of  4  ounces  per  square  inch,  t<] 
40  tuyeres,  each  being  If  inch  diameter,  without  any  falling  off  in 
density.  The  experiments  herein  detailed  were  made  with  a  fan  3 
feet  10^1  inches  diameter,  the  width  of  the  vanes  being  10 J  and  the 
length  14  inches;  the  eccentricity  of  the  fan  1-j^  inches,  with  refe- 
rence to  the  fan  case,  the  number  of  vanes  being  6,  and  placed  at  an 
angle  of  6°  to  the  plane  of  the  diameter ;  the  inlet  openings  on  the 
sides  of  the  fan  chest  17|  inches  diameter,  the  outlet  opening  12 
inches  square ;  the  space  between  the  tips  of  the  vanes  and  the  chest 
increasing  from  f  inch  over  the  exit  pipe  to  3 J  inches  at  the  bottom 
at  a  point  perpendicularly  under  the  centre.  To  the  blast  pipe  leading 
to  the  tuyeres  a  slide  valve  was  attached,  by  means  of  which  the  area 
of  the  discharge  was  accurately  adjusted  to  suit  the  required  density. 

These  experiments  were  made  with  a  view  to  ascertain  •  what 
density  or  pressure  of  air  could  be  obtained,  with  the  vanes  moving 
at  given  velocities,  the  outlet  pipe  being  closed ;  and  also  at  given 
velocities,  with  the  outlet  open,  but  its  area  varied  at  discretion ;  and 
further,  to  ascertain  the  horse  power  required  to  drive  the  fan  under 
these  several  conditions. 

The  gauge  to  indicate  the  density  or  pressure  of  the  air  was  a 
glass  graduated  tube,  primed  with  water,  it  being  more  sensitive  and 
having  a  greater  range  than  the  mercurial  one. 

The  horse  power  was  ascertained  by  an  indicator,  the  friction  of 
engine  and  gearing  being  deducted  in  each  experiment.  With  refe- 
rence to  the  term  Theoretical  Velocity,  as  used  in  the  table,  it  may 
be  necessary  to  observe,  that  by  this  is  meant  the  velocity  which  a 
body  would  acquire  in  falling  the  height  of  a  homogeneous  column 
of  air  equivalent  to  the  required  density.  Having  given  the  above 
preliminary  explanations,  we  come  to  the  experiments  as  recorded  in 
the  following  tAble. 

The  Ist  column  is  the  number  of  the  experiment 

The  2nd  is  the  number  of  revolutions  of  the  fan  per  minute. 

The  3rd  is  the  velocity  of  the  tips  of  the  vanes  in  feet  per  second. 

The  4th  is  the  density  or  pressure  of  the  air  in  ounces  per  square 
inch,  as  indicated  by  the  gauge. 
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The  5ih  is  the  height  in  inches  of  a  column  of  mercmy  equivalent 

to  the  density. 
The  6th  ia  the  height  in  feet  of  a  column  of  air  equivalent  to  the 

denidty. 
The  7th  is  the  area  of  the  discharge  pipe  in  square  inches. 
The  8th  is  the  indicated  horse  power. 

The  9th  is  the  theoretical  velocity  of  the  air  in  feet  per  second. 
The  10th  is  -^^iha  of  the  theoretical  velocity  of  the  air  in  feet  per 

second. 
The  11th  is  the  theoretical  quantity  of  air  discharged  in  cubic  feet  per 

second. 
The  12th  is  the  centrifugal  force  of  the  air  per  square  inch,  calculated 

from  the  theoretical  velocity. 

Bj  this  paper  it  is  intended  to  show  that  there  are  certain  veloci- 
ties with  which  the  tips  of  the  vanes  of  a  fan  should  move,  according 
to  the  required  density  of  air,  and  that  there  are  certain  laws  which 
gOTem  these  velocities. 

Water  is  827  times  heavier  than  air,  and  mercury  is  13*5  times 
heavier  than  water  >  consequently  mercury  is  .11164  times  heavier 
than  air.  A  column  of  mercury  one  inch  in  height  would  therefore 
balance  a  column  of  air  11164  inches  or  930*3  feet  in  height. 

A  column  of  mercuiy  30  inches  in  height  produces  a  pressure  of 
15  lbs.  per  square  inch;  hence  a  column  of  mercury  1  inch  in  height 
gives  a  pressure  of  ^  lb.  or  8  ounces  per  square  inch ;  and  therefore 
a  column  of  mercury  ^  inch  in  height  will  give  a  pressure  of  1  oimce 
per  square  inch.  Consequently  the  height  in  inches  of  a  column  of 
mercury  equivalent  to  any  given  pressure  or  density  is  foimd  by 
dividing  the  density  in  ounces  per  square  inch  by  8. 

Let  A  be  the  height  in  inches  of  a  column  of  mercury  equal  to 
any  given  density,  and  let  B  represent  930*3,  and  C  64*;  then 
V'  (A  X  B  X  C)  =  v'  (A  X  930-3  x  64)  =  V  =  the  velocity  that  a 
body  would  acquire  in  falling  the  height  of  a  column  of  air  equivalent 
to  the  density. 

The  centrifugal  force  of  air  coincides  with  the  results  obtained  by 
the  laws  of  falling  bodies,  that  is  when  the  velocity  is  the  same  as 
the  velocity  which  a  body  will  acquire  in  falling  the  height  of  a 


*  The  space  which  a  gniTltatbig  hoAj  vill  puB  through  fai  one  second  is  le^g  feet ;  hat  hy 
the  prineiplc  of  aocdenting  forees,  the  Telodty  of  a  fUling  body  in  one  second  is  equal  to  twice 
tkc  epaee  throngb  which  It  has  passed  hi  that  time,  or  the  relocity  In  any  given  time  is  equal  to 
the  sqvarc  root  of  the  number  obtained  by  multiplying  64  hy  the  height  in  feet.  ^^  . 
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homogeneous  column  of  air  equivalent  to  any  given  density,  as  i 
shown  by  the  table  (column  12).  Here  the  velocity  has  been  takei 
as  obtained  from  the  laws  of  falling  bodies  (as  in  column  9),  to  fini 
the  centrifugal  force  or  density  of  the  air.  To  do  this,  apply  th* 
following  rule. 

Having  given  the  velocity  of  the  air  and  the  diameter  of  the  fan 
to  ascertain  the  centrifugal  foi-ce  : — 

RtUe, — Dividfe  the  velocity  in  feet  per  second  by  4*01,  and  agaii 
divide  tlie  square  of  the  quotient  by  the  diameter  of  the  fan  in  feet 
This  last  quotient  multiplied  by  1"209,  the  weight  in  ounces  of  i 
cubic  foot  of  air  at  60°  Fahrenheit,  is  equal  to  the  centrifugal  forc< 
in  ounces  per  square  foot,  which  divided  by  144  is  equal  to  th( 
density  of  the  air  in  ounces  per  square  inch. 

Thus  if  D  be  the  density  of  the  air  in  ounces  i^er  square  inch,  y 
the  velocity  of  the  tips  of  the  vanes  in  feet  per  second,  and  d  the 
diameter  of  the  fan  in  feet : — 


^  -  U-Ol)  ^  "5""  ^  I44 


Or  the  following  formula  may  be  substituted : — 
D  =  NV  X  -0000273 
where  D  is  the  density  of  the  air  in  ounces  per  square  inch,  N  the 
number  of  revolutions  of  the  fan  per  minute,  and  V  the  velocity  of 
the  tips  of  the  vanes  in  feet  per  second.* 


*  The  two  fbnnalflB  for  D  giren  above  are  obtained  as  follows :— 

Taking  the  centrifugal  force  of  a  cubic  foot  of  air  at  the  tips  of  the  vanes  considered  as  a  solid 
bod7, 

_2 

144 

where  D  »  pressure  or  density  of  air  in  oonces  per  sqaare  inch,  v  «  velocity  of  tips  of  vanea  in 
feet  per  second,  r  =  radlas  of  fan  in  feet,  w  =  weight  in  ounces  of  1  cubic  foot  of  air  >=  1*209,  and 
g  =  force  of  gravity  =»  82*1 ; 

therefore  D  =  ^  x  L???  x  J_ 
r         82-2         144 

or  if  d  be  the  diameter  of  the  &n  In  feet,  then  d  «  2r,  and 

D-^-x  ^:???x-L 

d         16-1         144 


d  144 


\4  01/ 

which  agrees  with  the  first  of  the  two  formulae. 
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IM  na  now  examine  the  results  of  the  table,  considering  first  the 
▼elodty  of  the  tips  of  the  vanes,  and  the  power  necessary  to  drive  the 
fiut  In  experiments,  Nos.  1,  2,  8,  4,  6,  and  6,  we  find  by  inspecting 
the  table  the  velocities  236-80,  220-80,  204-16,  186-28, 171-50,  and 
144-10  respectLvely,  and  the  corresponding  densities  of  the  air  are 
9-40,  7-90,  6-90,  5-60,  4-50,  and  3-50  ounces  per  square  inch  respec- 
tivelj.  The  &n,  it  must  be  understood,  is  discharging  no  air,  but  its 
▼elocity  is  merely  keeping  the  air  at  a  certain  density  or  pressure  per 
square  inch.  Under  these  circumstances,  it  requires  a  certain  velocity 
of  the  tips  of  the  vanes  to  maintain  a  certain  density  of  air,  but  not 
in  a  simple  ra.tio. 

The  law  which  governs  the  velocity  of  the  tips  of  the  vanes  appears 
from  these  experiments  to  be  that  the  tips  of  the  vanes  should  move 
wiUi  ^ths  of  the  velocity  a  body  would  acquire  in  falling  the  height 
of  a  homogeneous  column  of  air  equivalent  to  the  density.  The  latter 
has  been  called  in  the  table  the  theoretical  velocity,  and  by  comparing 
Nos.  1,  2,  3,  4,  5,  and  6  experiments  as  above,  the  velocity  of  the 
tips  of  the  vanes  will  be  found  to  agree  pretty  nearly  with  y^ths  of 
the  theoretical  velocity.  Thus,  if  the  velocity  of  the  tips  of  the 
vanes  be  represented  by  1*000,  then  ^ths  of  the  theoretical  velocity 
will  be  represented  by 

1-005  inNa  1< 

•986  „  2 

•999  „  3 

•992  „  4 

•960  „  5 

1-007  „  6 


TbaiiiMui -992 


Bat  it  will  be  found  not  only  that  ^ths  of  the  theoretical  velodty  is 
the  most  effective  speed  when  the  fan  is  not  discharging  air,  but  that 
the  same  proportion  holds  good  also  when  the  outlet  pipe  is  open ;  that 
is,  that  the  maximum  effect  of  the  fan  is  when  the  vanes  move  w^^^ 

-,     I 

AlaotfabetheniimlMrofiefolatloniof  tiielhnperminate,n  » -r  *]      1*11 


ad  Mtaftn, D -  ^  x  -j^y  x  ^\  >ur  concluBion,  that  the 

thcrdbroDi^.      *  ^  ^      ^  .  ^  «^*^^  ^  13?  v   bretical  velocity  and  the 

^"'  d  X  8U16    ^  ^  *       60      ^    161    ^  1        T     •  -J 

or  D  -=  »•  X  -0000273.  which  b  the  leeond  of  *'iy  equal.     It  is^videnfc  also 
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velocity  ranging  from  the  theoi-etical  velocity  due  to  the  density  of  the 
air  to  T^ths  of  that  velocity,  the  greatest  quantity  of  air  being  discharged 
by  the  fan  under  these  conditions  with  the  least  expenditure  of  power. 
To  illustrate  this  more  fully,  let  us  refer  to  the  table  of  experiments, 
and  for  our  examples  we  will  take  Nos.  9,  10,  and  11 ;  here  the 
density  in  each  case  is  6  ounces. 

In  No.  10  experiment  the  velocity  of  the  tips  of  the  vanes  is 
213*30  feet  per  second,  while  the  theoretical  velocity  is  211*30  feet 
per  second,  being  nearly  the  same.  The  quantity  of  air  discharged  is 
77*91  cubic  feet  per  second,  and  the  power  employed  in  this  case 
amounts  to  12*54  horse  power. 

In  No.  11  experiment  the  velocity  of  the  tips  of  the  vanes  Ls 
192-20  feet  per  second,  and  ^^^ths  of  the  theoretical  velocity  190-17 
feet  per  second.  Now,  in  these  two  experiments  the  results  ai*e  in 
proportion  to  each  other  nearly ;  in  No.  1 1  the  quantity  of  air  dis- 
charged amounts  to  35*71  cubic  feet  per  second,  and  takes  6 '43  horse 
power,  while  in  No.  10  the  discharge  is  77*91  cubic  feet  per  second, 
and  takes  12*54  horse  power.  Thus  the  discharge  of  air  is  nearly 
2  to  1,  and  the  horse  power  employed  in  the  same  proportion. 

In  No.  9  experiment  the  velocity  of  the  tips  of  the  vanes  is 
221*80  feet  per  second,  being  10  feet  per  second  more  than  the  theo- 
retical velocity ;  the  cubic  feet  discharged  per  second  being  71*50,  and 
the  power  13-81  horse  power.  Now,  if  we  compare  this  with 
No.  10  exi)eriment,  we  shall  find  that  the  velocity  is  10  feet  per 
second  more,  and  the  cubic  feet  discharged  6  less,  and  the  horse 
power  13  more. 

In  the  following  examples  we  shall  call  the  theoretical  velocity 
per  second  unity,  beginning  with  No.  15  experiment.  In  this 
example,  and  similarly  afterwards,  we  shall  also  call  the  quantity  of 
air  discharged  in  cubic  feet  per  second  unity,  and  also  the  horse 
power.  The  density  of  the  air  in  the  four  following  experiments  is 
'  ounces  per  squai-e  inch  : — 


Ifdbetheu^ 


No. 


Tlieorotical     Velocity  of 
Velocity,     tips  of  vanes. 


•00 
00 
00 


0*91 
1-01 
MO 
115 


Quantity 
discharged. 

TocT" 
2-34 
2*90 
2*67 


Horse  power. 

1*00  I 

1-93  ' 
2-88 

316  , 


which  agrees  with  the  first  of  the  two  fon 
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In  the  &xe  following  experiments  the  density  is  4  ounces  per  square 
inch : — 


■     No. 

Theoretical  '  Velocity  of 
Velocity.    Itips  of  vane?. 

Quantity 
discliarged. 

Horse  power. 

20 
19 
18 
17 
IG 

1-00     1    0-90          1-00 
l-OO     1     1-03          2-40 
l-OO     i     M3          2-02 
1-00     ,     1-23          2-30 
1-00     i     1-28          212 

1-00 
3-42 
2-89 
4-04 
4-27 

In  the  three  following  experiments  the  density  is  6  ounces  per  square 
inch  : — 


jj       Theoretical    Velocity  of      Quantity    InoMeDower 
"®-       Velocity,     tipt  of  vanes,    dlscharjred.  **®"®  P®^'" 


1-00 
1-95 

215 


In  the  four  following  experiments  the  density  is  3  ounces  per  square 
inch : — 


»„      Theoretical 
"°-  1    Velocit}-. 

Velocity  of 
tips  of  vanes. 

Qnantlty 
diicbarged. 

Horn  power. 

24       100 
23  1     1-00 
22  ,     100 
21       100 

0-90 
1-05 
116 
1-34 

1-00 
1-69 
2-00 
1-47 

1-00 
2-63 
3-56 
S-40 

To  give  further  illustration  of  this  part  of  our  subject,  we  will 
take  Nofl.  7,  9,  12,  and  16  experiments.  Here  the  velocity  of  the 
tips  of  the  vanes  is  the  same,  and  will  therefore  be  denoted  by  unity. 
The  corresponding  densities  being  7,  6,  5,  and  4  ounces,  we  shall  call 
the  highest  unity,  as  also  with  the  quantity  discharged,  and  the  horse 
power. 


Ko. 

7 

9 

12 

16 


Theoretical 
Velocity. 


Velocity  of  I    Quantity 
tips  of  vanes.'  discharged. 


103 
0-95 
0-87 
0-78 


1-00 
100 
1-00 
1-00 


1-00 
1-20 
1-35 
1-40 


Density. 

Horse  power. 

1-00 

1-00 

0-86 

1-03 

0-71 

1-06 

0-57 

111 

Nearly  all  the  precetling  examples  justify  our  conclusion,  that  the 
greatest  results  are  obtained  when  the  theoretical  velocity  and  the 
velocity  of  the  tips  of  the  vanes  are  nearly  equal.     It  ^  f^^%^^^^ 
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that  if  we  increase  the  velocity  of  the  tips  of  the  vanes,  and  only 
double  the  cubic  quantity  of  air  delivered,  it  must  take  more  than 
double  the  expenditure  of  power,  the  density  of  the  air  remaining 
the  same. 

We  shall  now  give  examples  of  the  data  dictated  by  our  table  of 
experiments.  And  first,  having  given  the  density  of  the  air,  to 
determine  the  velocity  of  the  tips  of  the  vanes ;  also  the  horse  power 
requisite  to  drive  the  fan  under  these  drcumstanoes,  the  fan  not 
discharging  air,  but  its  velocity  merely  keeping  the  air  at  a  certain 
density. 

Let  D  denote  the  density  of  the  air  in  ounces  per  square  inch, 
and  A  the  height  in  inches  of  a  column  of  mercury  equivalent  to 
that  density.  Then  by  the  laws  of  falling  bodies  (see  page  5), 
v'  (A  X  930-3  X  64)  =  N  =  the  velocity  acquired  by  a  body  felling 
the  height  of  a  column  of  air  of  the  corresponding  density. 

38  X  D 
Then  — — —  =  P  the  number  of  pounds  acting  on  the  vanes ; 

-^^'  TU^  of  V   X   60  X    P  TTT>  .v     .  .J 

and  Xa =  HP  the  horse  power  required. 

The  constant  number  38  is  the  result  of  experiment,  and  has  been 
obtained  by  inserting  the  ascertained  values  of  the  horse  power,  <kc., 
in  the  following  formulie,  which  are  the  converse  of  the  preceding  : — 

gP^^^QQQ    =  P,  and  then  L2L16  ^  3 
^th  of  V  X  60         '  D 

EocampU, — Let  D  s  9*40  ounces  per  square  inch ;  then  A  s  1  -175 
inches  of  mercury  (see  page  5) ;  to  determine  the  velocity  of  the  tips 
of  the  vanes,  and  also  the  horse  power. 

Here  V  (M76  x  930-3  X  64)  =  264-4  =  V  =  the  theoretical 

velocity,  -j^ths  of  which  =  237  *96  ss  the  velocity  of  the  tips  of  the  vanes 

38  X  9 '40 
m  feet  per  second.  Then  =  22*32  ss  P  as  the  pounds  acting 

on  the  vanes  of  the  fan.     And  ^^^'^^  ^  ^  ^  ^^'^^  r=  9-6  =  HP  = 

38000 

the  horse  power  required. 

Having  given  the  velocity  of  the  air  in  feet  per  second  (or,  as  it 
has  been  termed,  the  theoretical  velocity),  to  determine  the  density  of 
the  air  in  accordance  with  the  laws  of  centrifugal  force. 
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ExBUfvpU. — ^Liet  tlie   velodtj  be  264*4  feet  per  second,  and  the 
diameter  of  the  fan  5-9  feet.     Then,  by  a  former  rule  (see  page  8)  we 

W  ?^  =  65-9  and^  =  1113-6  and  "^^^f,  ^'^^^  =  934 
4-01  3-9  144 

oonoeB  per  square  inch  =  the  density  required. 

Or,  by  the  second  rule,  the  number  of  revolutions  per  minute  = 

^2«^iiiO  =  |6iliL60        1294-8  =  N;  and  NV  X  <)000273 
orcomference       3*9  X  3'1416 

=  1294-8  X  264-4  x  -0000273  =  9*34  ounces  per  square  inch,  as 

before. 


To  determine  the  horse  power  necessary  to  drive  the  &n  when 
discharging  air,  the  velocity  of  the  tips  of  the  vanes  not  exceeding 
^ths  of  the  theoretical  velocity ;  having  given  the  density  of  air 
required,  and  the  quantity  to  be  discharged  per  minute. 

It  must  here  be  remarked  that  according  to  the  table  of  experi- 
ments, when  the  tips  of  the  vanes  move  at  -^^ths  of  the  theoretical 
velocity,  not  more  than  480  pounds  of  air  are  discharged  per  minute ; 
bat  this  is  without  any  attenuation  in  the  density. 

Finty  find  the  horse  power,  as  in  the  previous  example,  when  the 
fan  is  not  discharging  air. 

Secondly^  multiply  the  weight  of  air  in  pounds  to  be  discharged 
by  the  fan  per  minute  by  ^ths  of  the  theoretical  velocity  in  feet  per 
second,  and  divide  by  33000.  The  quotient  will  give  the  horse 
power  necessary  to  dischaige  this  quantity  of  air,  which  add  to  the 
horse  power  necessary  to  drive  the  fan  when  not  discharging  air,  for 
the  answer  required. 

Example. — Let  D  be  the  density  of  air  required  =  4*00  ounces 
per  square  inch ;  then  A  s=  the  height  in  inches  of  a  column  of 
mercury  equal  to  the  density  =  *5  (see  page  5)  ;  and  let  the  weight 
of  air  to  be  discharged  per  minute  =  220  pounda 

Here  V  ('5  ^  9303  x  64)  =  172-5  =  the  theoretical  velocity, 
^ths  of  which  as  155*25  =  the  velocity  of  the  tips  of  the  vanes  in 

feet  per  second.    Then  ^Q  ^/'^^  =  9*5  =  P  =  the  pounds  acting 

16 

*v                 .  ^,      4,          A   J  15^'25  X  60  x  9*5  2-67  horse 

cm  the  vanes  of  the  fan.     And  • ag^ooO 

power  necessary  to  drive  the  fan  without  efflux. 
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c        „      220  X  155-25        ,  aa  i.  ^     j- 

beooncQy,    =   1-00  horse  power  necessary  to  dis- 

charge  the  given  weight  of  air. 

Then  1-00  x  2*67  =  3-67  =  the  total  hbrse  power  required. 

If  the  quantity  of  air  to  be  discharged  per  minute  be  given  in 
cubic  feet,  these  must  be  converted  into  pounds  before  the  above 
rules  can  be  applied.  Thus,  let  the  quantity  to  be  discharged  be 
2864  cubic  feet  per  minute,  at  a  density  of  4*00  ounces  per  square 
inch.  Now,  a  cubic  foot  of  common  air  at  60°  Fahrenheit  weighs 
1  "209  ounces,  therefore  a  cubic  foot  of  the  given  density  will  weigh 
1*229  ounces,  and  therefore  the  weight  of  2864  cubic  feet  is  3520 
ounces  =  220  pounds. 

When  the  velocity  of  the  tips  of  the  vanes  is  to  be  equal  to  the 
theoretical  velocity,  then  we  proceed  as  in  the  last  example,  taking 
the  weight  of  air  in  pounds  to  be  discharged  by  the  fan  per  minute. 

It  should  here  be  again  remarked  that  when  the  fan  is  moving  at 
this  velocity,  it  is  capable  of  discharging  480  pounds  of  air  per 
minute  without  any  falling  off  in  density. 

In  a  recent  set  of  experiments  the  inlet  openings  in  the  sides  of 
the  fan  chest  were  contracted  from  17  J  inches,  the  original  diameter,  to 
12  and  6  inches  diameter,  when  the  following  results  were  obtained : — 

First,  the  power  expended  with  the  opening  contracted  to  12 
inches  diameter  was  as  2^  to  1  compared  with  that  expended  with  the 
opening  of  17^  inches  diameter ;  the  velocity  of  the  fan  being  nearly 
the  same,  as  also  the  quantity  and  density  of  air  delivered. 

Second,  the  power  expended  with  the  opening  contracted  to  6 
inches  diameter  was  as  2^  to  1  compared  with  that  expended  with 
the  opening  of  17  J  inches  diameter  ;  the  velocity  of  the  fan  being 
nearly  the  same,  and  also  the  area  of  the  efflux  pipe,  but  the  density 
of  the  air  decreased  one  fourth. 

These  experiments  show  that  the  inlet  openings  must  be  made  of 
ST|fficient  size,  that  the  air  may  have  a  free  and  uninterrupted  passage 
to  the  vanes  of  the  fan,  for  if  we  impede  this  passage  we  do  so  at  the 
expense  of  power. 

In  conclusion,  time  alone  prevents  a  further  investigation  of  this 
subject,  but  the  writer  hopes  to  return  to  it  at  no  distant  period,  and 
generalize  the  facts  gleaned  from  experiments. 

Soho,  AprU  26,  1847.  Digitized  by  Google 
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EXPERIMENTS    ON    THE    FAN    BLAST. 


[supplementary  paper.] 

In  reBuming  the  subject  of  the  Fan  Blast,  I  shall  endeavour,  as 
far  as  I  conveniently  can,  to  avoid  detailed  statements  of  the 
pneumatic  laws  involved  in  its  consideration,  as  they  would  occupy 
more  time  than  would  be  consistent  with  the  present  occasion ;  and 
shaU  proceed  to  remark  on  the  most  important  points  connected  with 
the  constructioD  of  the  fan,  namely,  the  forms  and  proportions  which 
will  ensure  the  best  results,  with  the  least  expenditure  of  power,  and 
will  effect  a  diminution  of  the  intolerable  noise  that  generally  arises 
from  the  working  of  the  fan.  And  although  I  have  not  been  able  to 
cany  out  such  leading  principles  to  the  fullest  extent,  I  trust  that  I 
have  furnished  materials  that  will  be  found  of  value  to  those  members 
whose  greater  leisure  may  enable  them  to  do  so. 

From  an  examination  of  the  action  and  apparent  effect  of  that 
very  useful  apparatus,  the  blowing  fan,  it  would  appear  that  the  air 
in  the  fan  case  is  impelled  by  the  vanes  along  the  delivery  pipe  or 
channel  to  the  chest  provided  for  the  blast ;  and  that  the  continuous 
rapid  motion  of  the  vanes  compresses  the  air  in  the  pipe  and  chest, 
to  a  degree  that  may  be  shown  and  accurately  measured  by  a  water 
or  mercurial  gauge  attached  to  the  blast  chest. 

In  the  former  paper  the  principal  investigation  rested  on  the 
theoretical  question,  whether  the  tips  of  the  vanes  should  partake  of 
the  same  velocity  as  a  body  falling  freely  from  a  certain  height,  the 
height  being  governed  by  the  density  of  air  required.  Recent  experi- 
mentSy  the  results  of  which  accompany  this  paper,  justify  the  conclu- 
sions then  made,  as  will  be  seen  on  examining  tables  Nos.  2,  3,  and  4. 

Having  satisfied  myself  with  respQct  to  the  velocity  a  fan  ought  to 
have,  when  a  certain  density  of  air  is  required,  I  propose  in  this  paper 
to  examine  the  fan  under  other  conditions,  the  object  being  to  establish 
the  best  proportions  of  the  inlet  openings  in  the  sides  of  the-fiEui  chest, 
and  the  suitable  corresponding  length  of  the  vanes.    For  this  purpose. 
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I  catuBed  the  openings  in  the  sides  of  the  fan  chest  to  be  made  of  a 
large  diameter,  and  I  was  enabled  to  vary  these  openings,  by  fitting 
in  rings  of  wood ;  and  I  varied  the  fan  by  attaching  to  its  arms  vanes 
of  corresponding  lengths.  The  experiments  are  classed  in  the  tables 
appended : — 

Table  No.  1,  Contains  the  original  aet  of  experimenta  given  in  the  former  paper. 

„  „  2,  Experimenta  made  with  an  inlet  opening  SO  indiee  diameter,  the 
length  of  the  yanee  being  rednoed  to  8  inchea. 

„  „  S,  With  an  inlet  opening  24}  inches  diameter,  the  length  of  the  vanes 
being  11  inches. 

,.  „  4,  With  an  inlet  opening  20)  inches  diameter,  the  length  of  the  vanes 
being  13}  inches. 

„  „  1  a,  Shows  the  effect  produced  by  narrowing  the  vanes  to  6  inches,  the 
length  being  16  inches,  with  outlet  to  delivery  pipe  4  inches  deep. 

„  „  2  a,  3  a,  and  4  a,  Are  experiments  showing  the  effect  prodflced  by  con- 
tracting the  outlet  opening ;  the  inlet  opening  and  the  length  of 
vanes  being  the  same  as  in  the  table  under  which  they  are  classed. 

In  the  concluding  part  of  the  former  paper  it  was  stated  that  by 
impeding  the  free  admission  of  air  to  the  vanes  a  loss  of  power  was 
occasioned.  Thiis,  by  contracting  the  inlet  opening  to  12  inches 
diameter,  more  than  twice  the  power  was  expended.  This  led  to  an 
extension  of  the  openings,  the  results  of  which  will  be  seen  on  com- 
paring the  former  state  of  the  fan,  as  shown  in  table  No.  1,  with  the 
present  state,  as  shown  in  tables  Nos.  2,  8,  and  4. 

In  the  first  five  experiments,  no  efflux  of  air  takes  place ;  and  if^  in 
these  experiments,  we  take  the  means  of  the  density  of  the  air  and  of 
the  horse  power,  and  call  them  unity,  their  proportions  to  the  means  of 
the  corresponding  experiments  in  tables  2, 3,  and  4,  will  stand  thus : — 


No.  of  T.U6. 

Danrit;  or  Air. 

Hons  powor. 

1 

100 

100 

2 

0-69 

1-21 

3 

0-80 

0-90 

4 

100 

110 

Here  the  results  are  in  favour  of  the  fan  in  its  original  shape,  and 
similar  results  appear  when  the  fan  is  discharging  air. 


I  will  now  proceed  to  consider  the  diameter  of  the  inlet  opening, 
and  the  best  length  of  vane. 
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From  the  expeiimenta  given  in  the  tables  it  wiU  be  seen  that  the 
longer  vane  possesses  a  preponderating  advantage  over  the  shorter 
one,  in  condensing  air  of  the  greatest  density,  with  the  least  propor- 
tion of  power.  Thns,  with  a  vane  14  inches  long,  the  tips  of  which 
revolve  at  the  rat«  of  236*8  feet  per  second,  the  air  is  condensed  to 
94  ounces  per  square  inch  above  the  pressure  of  the  atmosphere,  with 
a  power  of  9*6  horse  power;  but  a  vane  8  inches  long,  the  diameter 
of  the  tips  being  the  same,  and  having  therefore  the  same  velocity, 
condenses  the  air  to  6  ounces  per  square  inch  onlv,  and  takes  12  horse 
power.  Thus,  the  density  in  the  latter  case  is  little  more  than  6  of 
that  in  the  former,  while  the  power  absorbed  is  nearly  1-25  to  1. 
Although  the  velocity  of  the  tips  of  the  vanes  is  the  same  in  each 
case,  the  velocity  of  the  heels  of  the  vanes  is  very  diflferent ;  for  whilst 
the  tips  of  the  vanes  in  each  case  move  at  the  rate  of  236*80  feet  per 
second,  the  heels  of  the  14  inch  vanes  move  at  the  rate  of  90  80  feet 
per  second,  and  the  heels  of  the  8  inch  move  at  the  rate  of  151*75 
feet  per  second ;  or,  the  velocity  of  the  heel  of  the  14  inch  is  in  the 
ratio  of  1  to  1*67  compared  with  the  velocity  of  the  heel  of  the  8  inch 
vane.  The  longer  vane  approaching  nearer  the  centre  strikes  ihh  air 
with  less  velocity,  and  allows  it  to  enter  on  the  vane  with  greater 
freedom,  and  with  considerably  less  force  than  the  shorter  one.  The 
inferentoe  is  that  the  short  vane  must  take  more  power,  at  the  same 
time  that  it  accumulates  a  less  quantity  of  air. 

These  experiments  lead  me  to  conclude  that  the  length  of  the  vane 
demands  as  much  consideration  as  the  proper  diameter  of  the  inlet 
opening.  If  there  were  no  other  object  in  view,  it  would  be  useless 
making  the  vanes  of  the  fieui  of  a  greater  width  than  the  inlet  opening 
can  freely  supply.*  On  the  proportion  of  the  length  and  width  of  the 
vane,  and  the  diameter  of  the  inlet  opening,  rest  the  three  most  im- 
portant points,  namely,  the  quantity  and  density  of  the  air,  and  the 
expenditure  of  power. 

In  the  14  inch  vane  the  tip  has  a  velocity  2*60  times  greater  than 
the  heel ;  or,  by  the  laws  of  centrifugal  force,  the  air  will  have  2*60 
times  ihe  density  at  the  tip  of  the  vane  that  it  has  at  the  heel.  The 
air  cannot  enter- on  the  heel  with  more  than  atmospheric  density,  but, 
in  its  passage  along  the  vanes,  it  becomes  compressed  in  proportion 

*  The  proftortloia  •  RKtloii  pipe  bean  to  ft  pump  is  an  anftlogoiu  case ;  for  if  we  drive  tba 
bveket  at  a  greater  Telocity  than  the  netion  pipe  wHI  iapply  it  with  water,  the  consequence  wtU 
be  that  we  shall  not  lift  so  much  water,  at  the  same  time  that  we  absorb  more  powcf . 
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to  its  centrifugal  force.  The  greater  the  length  of  vane,  the  greater 
will  be  the  difference  between  the  centrifugal  force  at  the  heel  and 
the  tip  of  the  vane ;  consequently,  the  greater  the  density  of  the  air. 

Reasoning,  then,  from  these  experiments,  1  recommend  for  easy 
reference  the  following  proportions  for  the  construction  of  the 
fan:— 

Let  the  width  of  the  vanes  be  one-fourth  of  the  diameter  of  the  fan. 

Let  the  length  of  the  vanes  be  one-fourth  of  the  diameter  of  the  fan. 

Let  the  diameter  of  the  inlet  openings  in  the  sides  of  the  fan  chest 
be  one-half  the  diameter  of  the  fan. 

In  adopting  this  mode  of  construction,  the  area  of  the  inlet  open- 
ings in  the  sides  of  the  fan  chest  will  be  the  same  as  the  circum- 
ference of  the  heel  of  the  vane  multiplied  by  its  width ;  or  the  same 
area  as  the  sjmce  described  by  the  heel  of  the  vane. 

The  following  table  gives  the  sizes  of  fans  varying  from  3  to  6  feet 
diameter  :■— 


iWamete 

r  of  Fan. 
Inches, 

Width  of  Vane. 
Feet.    Inches. 

Length  of  Vane. 

Diameter  of 
Inlet  Opening. 

Feet. 

Feet.    Inches. 

Feet.     Inches. 

3 

0 

0        9 

0        9 

1        6 

3 
4 

6 
0 

0  10.] 

1  0 

0  10| 

1  0 

1  9 

2  0 

4 
6 

0 

1         li 
1         3 

1      H 

1         3 

2        3 
2        6 

6 

0 

1         6 

1        6 

8        0    1 

I  recommend  the  proportions  in  the  above  table  for  densities  rang- 
ing from  3  to  6  ounces  per  square  inch ;  and  for  higher  densities, 
from  6  to  9  or  more  ounces,  the  sizes  given  in  the  following  table  : — 


Diameter  of  Fin. 

WWUi  of  Vmc. 

Length  of  Vine. 

DUmeterof 
Inlet  Openins. 

Feet    Incbea. 

Feet. 

Inches. 

Feet.    Inches. 

Feej.    Incbea. 

3           0 

0 

7 

1           0 

1           0 

3        6 

0 

8i 

1            H 

1           3 

4        0 

0 

H 

1         3J 

1           6 

4        6 

0 

10^ 

1           4!: 

1         9 

5        0 

1 

0 

1        6 

2        0 

6        0 

1 

2 

1       10 

2        4 
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The  (Umensioiis  in  the  above  tables  are  not  laid  down  as  presciibed 
Hmits,  but  as  approximations  obtained  from  the  best  results  in  practice. 

In  some  cases,  two  fans  fixed  on  one  spindle  wonld  be  found  prefer- 
able to  one  wide  one,  as  by  such  an  arrangement  twice  the  area  of 
inlet  opening  is  obtained  compared  with  a  single  wide  fan ;  and  they 
may  be  so  constructed^  where  occasionally  only  half  the  quantity  of 
air  18  required,  that  one  of  them  may  be  disengaged  by  a  clutch,  and 
thus  a  saving  of  power  effected.  In  a  single  fan  of  gi-eat  width,  the 
inlet  opening  must  either  be  made  too  small  in  proportion  to  the  width 
of  the  vane,  or  if  it  be  made  large  enough  for  the  width  of  the  vane, 
the  length  of  the  vane  becomes  so  short  as  to  be  quite  incapable  of 
furnishing  air  of  the  required  density. 

It  has  been  stated  that  the  aii*  from  the  fan  chest  is  impelled  by 
the  vanes  along  the  delivery  pipe  to  the  blast  chest :  I  beg  attention 
to  the  results  of  experiments  veiy  recently  made  by  me,  with  leference 
to  the  admission  of  air  into  the  delivery  pipe,  which,  I  think,  may  lead 
to  an  important  improvement  in  the  fan.  The  experiments  alluded 
to  were  made  to  enable  me  to  ascertain  the  result  of  varying  the  area 
of  admission  to  the  delivery  pipe,  in  proportion  to  the  quantity  of 
blast  required  for  use ;  and  I  efi'ected  this  by  adapting  a  segmental 
slide  to  the  circular  chest  of  the  feoi,  as  shown  in  the  accompanying 
drawing,  by  means  of  which  I  varied  the  depth  of  the  opening  into 
the  delivery  pipe  from  12  to  4  inches. 

The  object  of  this  arrangement  was  to  diminish  the  deHvery  pi{)e 
opening  at  pleasure,  in  proportion  to  the  quantity  of  air  required,  and 
thereby  to  lessen  the  powei'  necessaiy  to  work  the  fan.  The  results 
will  be  seen  by  the  experiments  in  tables  I  a,  2  a,  3  a,  and  4  a.  The 
inlet  opening  to  the  deliveiy  pipe  having  been  contracted  from  12 
ijkdies  to  4  inches  deep,  so  that  the  tips  of  the  vanes  and  the  top  of 
the  outlet  opening  were  nearly  in  a  direct  horizontal  line,  nearly  the 
same  quantity  of  air  was  impelled  as  with  the  original  opening ;  the 
lunse  produced  by  the  fan  had  however  nearly  ceased.  It  theiefore 
appears^  that  the  less  this  opening  is  made,  provided  we  produce  suf- 
ficient blasts  the  less  noise  will  proceed  from  the  fan ;  and  by  making 
the  top  of  this  opening  level  with  the  tips  of  the  vanes  the  column  of 
air  has  little  or  no  reaction  on  the  vanes. 

With  respect  to  the  degree  of  eccentricity  which  the  fan  should 
have  with  reference  to  the  fan  chest,  y^tli  of  the  diameter  of  the  fan 
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has  been  found  in  practice  to  answer  well ;  that  is,  the  space  between 
the  fan  and  the  chest  should  increase  from  f  ths  of  an  inch  at  the  top 
of  the  outlet  to  the  delivery  pipe,  to  ^^th  of  the  diameter  of  the  fan  at 
the  bottom  at  a  point  perpendicularly  under  the  centre.  The  tunnel 
or  main  pipe  from  the  fan  chest  may,  for  short  distances  varying  from 
50  to  100  feet  in  length,  be  made  not  less  than  IJ  times  the  area  of 
the  delivery  pipe  in  the  fan  chest ;  and  for  distances  varying  from  100 
to  200  feet  in  length,  1 J  times  the  area  of  the  delivery  pipe.  The 
length  of  a  tunnel  may  be  continued  to  300  or  more  feet,  provided  it 
be  made  of  sufficient  dimensions  to  allow  the  air  to  pass  freely  along  it. 
The  experiments  accompanying  this  paper  were  made  with  a  tunnel 
18  inches  diameter  and  160  feet  in  length,  and  no  difference  could  be 
detected  in  the  density  of  the  air,  when  the  gauge  was  applied  at  any 
part  of  the  tunnel. 

Having  investigated  the  leading  characteristics  of  the  fan,  it  may  not 
be  out  of  place  to  give  a  few  hints  respecting  its  mechanical  construction. 

First, — it  is  one  of  the  gi-eatest  essentials  that  all  parts  maintain 
a  just  and  proper  balance. 

Second, — The  arms  of  the  fan  should  be  as  light  as  is  consistent 
with  safety.  Round  arms  are  decidedly  objectionable ;  I  have  known 
instances  when  their  centrifugal  force  has  torn  them  from  the  centre 
boss.  I  prefer  the  rectangular  ann,  having  about  the  proportion  of 
2\  times  the  width  for  the  depth  at  the  centre,  with  sufficient  taper 
towards  the  tips. 

Third, — the  bearings  and  journals  of  the  fan  spindle  should  be 
made  of  a  length  not  less  than  4  times  the  diameter  of  the  necks  of 
the  spindle. 

Finally, — the  driving  pulleys  should  be  made  as  large  as  circum- 
stances will  admit  of,  so  that  the  strap  may  have  sufficient  surface  to 
prevent  slipping. 

The  fan  from  which  my  experiments  were  collected  was  made  with 
these  proportions.  It  has  been  at  work  nine  years  without  any 
perceptible  wear. 

The  application  of  the  fan  has  hitherto  been  chiefly  limited  to 
smithies  and  foundries ;  and  in  but  few  instances  has  it  been  applied 
to  the  smelting  of  iron  ore.     I  am  aw^are  that  differences  of  opmion 
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exist  as  to  the  applicability  of  the  fan  to  that  purpose,  the  principal 
reason  urged  agaiiust  it  being  the  limited  density  to  which  the  blast 
can  be  compressed  by  the  fan,  compared  with  the  blast  supplied  by 
tb«  cylinder.  Xt  remaanB  however  to  be  proved,  whether  such  high 
(kosities  are  absolutely  necessary  for  the  smelting  of  iron  ore ;  whether 
we  may  not  produce  as  good  iron  by  a  diffused  soft  blast,  as  by  the 
■trong  and  generally  applied  concentrated  blast  I  hope  it  will  not 
be  thougjtLt  presumptuous  on  my  part,  thus  to  doubt  long  established 
pnctioes.  The  old  maxim  of  "  there's  no  way  like  the  old  way,''  is 
not  alwajB  based  on  unerring  principles. 

As  I  have  before  stated,  the  density  of  blast  afforded  by  the  fan  is 

hmited  to  the  force  arising  from-  the  centrifugal  motion  of  the  air  in 

faanng  along  the  vanes  of  the  fan ;  the  quantity  not  exceeding  what 

18  due  to  its  velocity  and  magnitude.     But  may  not  this  density  be 

incceaaed  by  using  a  succession  of  fans  so  constructed  and  arranged 

that  the  air  may  be  passed  successively  through  each ;  the  air  from  the 

firat  &n  being  made  to  enter  the  second ;  the  air  from  the  second  to 

enter  the  third  ;  and  the  blast  finally  emitted  of  adequate  density  1 

1  cannot  here  enter  into  a  further  investigation  of  this  important 
tabject;  nor  are  the  limits  and  character  of  this  paper  stated  to  the 
minutis  connected  with  the  principles  and  practice  of  a  smelting 
fomaoe ;  hut  I  hope  that  the  observations  which  I  have  made,  and 
the  principles  I  have  endeavoured  to  enunciate,  will  be  the  means  of 
institoting  farther  enquiry ;  and  as  the  expense  of  constructing  a  fan 
can  be  no  barrier,  I  trust  that  a  fair  trial  will  be  made,  where  con- 
)  is  suited  to  its  application  for  smelting  purposes. 


Soh>,  October  23,  1847. 
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No.  4. 

1       Qrtgi«er,  and  Vuies 
1            dtavwe. 

With  an  Inlet  Opening  20|  Inches  diameter,  and  Vanes 
1^  inches  long,  by  10|  inches  wide. 

1    XoL  er 

g»peri- 

rge 

?           Indicated 
axe          Hone 
.-a.           Power. 

Number  of 
Berolutions 

of  Pan 
per  MLaute. 

Velocity  of 
,Tip«of 
Vanes 
in  Feet 

per  Second. 

Denaitj  of 

Air 

in  Ounces 

per  square 

Inch. 

Area  of 
Discharge 

Pipe 
in  square 

Inchea. 

Indicated 
HorM 
Power. 

Ko.  1 
»    2 
«    3 

!= 

610 
6-96 
413 
3-90 

108i-7 

1000-0 

900-0 

786-7 

226*80 

20416 
183-74 
160-60 

7-70 
6-70 
6-60 
4-40 

*0 
0 
0 
0 

8-'40 
7-84 
6-20 
4-46 

»    8l 

1    1063-3      21709  |      7-00 

2600        10-70    1 

1 

..10 

„  11 

ar 

1063  3 
966-7 

21709 
196-68 

600 
600 

42-60 
36-00 

11-47 
10-07 

1 

-14       J 
,.16  1 

7-30 

9667 
878-6 

196-68 
179-10 

6"6o 

6-00 

66-6o 
37-60 

14^ 
7-30 

„  16 ;  1 

- 17  i  h 

.19  1     ) 

700 
8-90 
617 

983-3 
8700 
7733 

200-70 
177-62 
167-80 

400 
400 
400 

79-60 
6600 
35-00 

12-70 
9-90 
6-70 

....  r 

8-70 
7-29 
7-80 
6-76 

fifrb-o 

786-7 

177-62 
160-60 

8-6o 

3-00 

103-60 
97-10 

10-70 
1042 

No.  4,  fl. 

nutlwOat 

jgi  incbM  deep. 
U 

With  the  Outlet  Openhig  contracted  to  4  faiches  deep. 

MO  IFFLUX. 

2-76 

8860  1    180-70        6-60 

0       1 

8-70    1 

1 

1 

6 

WITH  wruTX.                                 1 

5J 

2-40 

900-0       183-74 

4-00 

40-00 

6-90    1 

ideep. 

With  the  originiS  OuUet  Openl 
MO  smnz. 

Qg,  13  faiches  deep.       1 

8     1     8-46 

8860      180-70 

6-60 

0 

4*81    1 

8 — 

r 

~8850~ 

WITH  BFIXOl 

1 

' 

Jj 

3-98 

180-70 

4-00 

60-70 

930    1 
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DESCRIPTION  OP  AN  IMPROVED  SUSPENSION  BRIDGE, 
FOR    CARRYING    A    RAILWAY, 
AND  FOR  OTHER  PURPOSES. 


Bt   Mb.   EDWARD  A.  OOWPBB,  OF  Bibmingham. 


The  object  of  the  present  Paper  is  to  caJl  the  attention  of 
engineers  and  railway  directors  generallj  to  a  mode  which  I  have 
inyeaited  of  constmcting  Suspension  Bridges  in  such  a  way,  that 
they  shall  not  he  thrown  out  of  ahofpe  or  in  any  way  diitorted  by 
tlie  weight  of  a  passing  load,  whether  it  consists  of  a  railway  train, 
or  only  of  the  ordinary  traffic  of  a  common  road. 

It  is  well  known  that  Suspension  Bridges  are  decidedly  less  costly 
than  any  stone  bridges,  and  I  may  add  than  most  iron  bridges, 
when  the  span  is  at  all  ahoye  the  length  of  an  ordinary  girder ;  and 
although  many  persons  have  directed  their  attention  to  them, 
particularly  with  regard  to  their  use  on  railways,  I  am  not  aware 
that  any  suspension  bridge  has  ever  been  made,  or  proposed,  that 
was  at  all  competent  to  carry  the  weight  of  a  railway  train  in  motion, 
or  in  other  words,  that  should  he  safe  as  a  railway  bridge. 
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Mj  attention  was  particularly  called  to  Suspension  Bridges,  by 
the  proposal  of  carrying  a  railway  over  the  Hungerf ord  Bridge,  or 
over  a  bridge  placed  close  alongside  of  it ;  and  it  appeared  to  me 
that  the  weight  of  a  passing  train  would  so  move  and  distort  the 
chains,  as  to  cause  the  road  very  soon  to  get  out  of  order,  if  not 
actually  to  give  way,  and  I  then  devised  the  plan  of  making  a 
chain  of  such  depth  as  to  include  any  alteration  in  the  curve  of 
the  strain  that  might  take  place. 

The  curve  which  the  chains  of  an  ordinary  Suspension  Bridge 
take  is  well  known  to  be  a  catenary,  or  rather  a  curve  between  a 
catenary  and  a  parabola.  It  would  be  a  true  parabola  if  aU  the 
weight  were  in  the  platform,  and  a  true  catenary  if  ail  the  weight 
were  in  the  chain.  As  however  the  difiEerence  between  the 
catenary  and  the  parabola  is  very  slight  indeed,  in  that  portion 
which  would  be  used  for  a  bridge,  we  may  assume  it  to  be  a 
catenary  for  all  practical  purposes. 

Now  on  loading  an  ordinary  Suspension  Bridge  with  even  a 
smaU  weight,  it  at  once  assumes  a  different  curve  (unless  the  weight 
be  equally  distributed  over  the  bridge),  and  if  the  weight  be  large, 
it  will  assume  a  very  different  curve  ;  so  much  indeed  will  the  form 
be  altered,  as  to  injure  or  strain  the  material  of  which  the  platform 
or  road  is  composed.  Now  it  is  evident  that  if  the  road  has  to 
distribute  the  weight,  it  must  be  a  very  strong  and  stiff  beam,  or  in 
fact  a  girder  of  the  full  length  of  the  bridge ;  and  the  strength  of 
this  girder  would  very  nearly  be  equal  to  carrying  a  quarter  of  the 
weight  of  the  load  in  the  centre ;  it  is  therefore  evident  that  the 
plan  of  forming  a  stiff  platform  or  road  for  a  railway  suspension 
bridge,  although  by  no  means  impossible,  must  be  at  least  half 
abandoning  the  suspension  principle,  and  be  the  cauise  of  greater 
outlay. 

The  plan  of  keeping  the  road  in  shape  by  distributing  any 
weight  that  might  come  upon  it,  by  means  of  strong  diagonal  ties, 
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was  the  first  idea  that  occurred ;  but  it  will  be  f oimd  by  calcolation 
that  tiiese  diagonals  would  have  to  be  very  strong,  and  of 
considerable  height^  thereby  cansing  the  total  depth  of  the  bridge 
to  be  nmch  greater. 

But  the  plan  on  which  I  propose  to  construct  Suspension 
Bridges,  capable  of  carrying  railway  trains  without  being  in  any 
way  injured  thereby,  is  simply  to  make  the  chain  of  such  depth  as 
to  include  the  cnrve  of  strain,  when  the  weight  is  placed  upon  the 
bridge  in  the.  most  unfavourable  positions.  With  this  object  I 
construct  the  chains  of  boiler  plate  of  considerable  depth,  (say  3  or 
4  feet  or  more,)  and  rivet  the  whole  well  together,  without  any 
moveable  joints  or  separate  linlos,  and  at  the  top  and  bottom  edges 
of  the  chains  I  rivet  or  otherwise  attach  bars,  either  flat,  half-round, 
or  angle-iron,  so  as  to  give  an  accumulation  of  metal  at  those  parts, 
and,  at  the  same  time,  to  render  the  edges  of  the  chains  perfectly 
secure  against  any  tendency  to  rip  or  tear. 

In  the  accompanying  Drawing,  you  wUl  observe  that  there  are 
two  chains,  each  four  feet  deep,  which  support  the  ends  of  cross 
wrooght-iron  girders  (in  the  position  of  sleepers)*,  each  chain  being 
compoeed  of  four  boiler  plates,  riveted  together  in  pairs,  each  plate 
being  f  of  an  inch  thick,  and  at  the  top  and  bottom  edges  there  are 
securely  riveted  strong  angle-irons.  The  suspension  bars  hang 
between  the  two  pairs  of  plates  forming  the  chain,  and  are 
supported  by  a  small  saddle,  which  bears  on  the  top  edges  of  them. 
The  ends  of  the  cro^  wrought-iron  girders  are  fimdy  secured  to  a 
light  rib  of  boiler  plate,  which  runs  along  each  side  of  the  bridge, 
as  shown  in  the  cross  section  of  the  bridge ;  the  lower  ends  of  the 
suspension  bars  are  secured  to  the  ends  of  the  girders,  with  means 
of  adjustment,  so  that  the  road  may  be  trimmed  perfectly  level 
when  the  bridge  is  fixed.  There  are  also  light  diagonal  ties 
introduced  for  the  purpose  of  more  perfectly  staying  the  road  to  the 
chains,  particularly  in  case  of  the  breaks  being  applied  whilst  a 
train  ia  passing  over  the  bridge. 
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The  rails,  either  of  the  ordinary  form  placed  in  chairs,  or  of 
that  form  commonly  called  the  bridge  rail,  are  supported  on  balks 
of  timber  scarphed  together,  which  mn  longitudinally  throughout 
^e  bridge,  and  these  are  supported  by  short  balks  of  timber  running 
from  girder  to  girder,  immediately  under  the  first.  There  are  a 
series  of  diagonal  ties  placed  in  the  platform,  as  shewn  in  plan  in 
the  drawing ;  these  act  as  a  means  of  stiffening  the  platform,  and 
preventing  any  vibration  or  shaking  of  the  parts.  Stay  rods  also 
are  provided,  by  which  the  bridge  is  prevented  from  moving  or 
swinging  sideways;  they  are  attached  to  the  piers,  and  are  very 
similar  to  some  used  by  Mr.  Brunei,  senr.,  in  a  bridge  at  the  Isle  of 
Bourbon. 

The  Drawing  is  of  a  Bridge  200  feet  span,  having  the  cross 
girders  8  feet  from  centre  to  centre,  and  the  chains  4  feet  deep, 
which  depth  has  been  arrived  at  by  actual  experiment.  The  weight 
of  the  road  for  one  line  of  rails  and  one  chain,  is  1  ton  per  foot  run ; 
and  the  weight  of  a  train  of  locomotives  I  have  assumed  at  1  ton 
per  foot  run,  (and  this  is  allowing  some  margin  for  the  continued 
growth  of  locomotives)  and  I  have  taken  as  a  proof  load  2  tons  per 
foot  run ;  thus  the  weight  of  the  load,  or  disturbing  cause,  will  be 
just  double  the  weight  of  the  bridge. 

I  find  the  greatest  distortion  of  the  imrve  of  strain  takes  place 
when  the  bridge  is  only  half  loaded,  (t.  e.)  from  one  end  to  the 
centre ;  the  curve  then  approaches  the  bottom  of  the  chain,  very 
nearly  in  the  centre  of  the  loaded  half,  and  approaches  the  top  of 
the  chain  in  the  centre  of  the  unloaded  half  ;.  whilst  at  the  piers  it 
approaches  the  top  at  the  loaded  end,  and  the  bottom  at  the 
unloaded  end.  Again,  if  the  same  load  be  placed  in  the  centre  of 
the  bridge,  (covering  one-half  of  the  length)  the  curve  of  strain 
will  approach  the  bottom  of  the  chain  in  the  centre,  and  will 
approach  the  top  of  the  chain  at  very  nearly  one-fifth  from  each 
pier,  whilst  at  the  piers  it  will  be  near  the  centre  of  the  chain,  but 
rather  above  it. 
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Take  one  moire  case,  and  we  shall  have  disposed  of  all  the  heavy 
distnrbin^  tezidexicies,  viz. :  that  of  the  ends  loaded  and  the  centre 
left  mnloadedj  tlie  cnrre  of  strain  will  then  approach  the  top  of  the 
chain  in  the  oentore,  and  the  bottom  of  the  chain  at  aboat  one-sixth 
from  each  pier  ;  ^iv^liilst  at  the  piers  the  strain  will  be  slightly  above 
the  centre,  I  znay  add,  that  when  the  bridge  is  folly  loaded 
tiuoD^oat,  iihe  cnrre  of  strain  is  in  the  centre  of  the  chain 
ihron^liont  its  len^tli. 

I  propoBe  to  call  bridges  made  on  this  plan  "Inverted  Arch 
Bbidgks.  *' 

(Signed,) 

B.  A.  OOWPEE. 
Birminghafn,  Odaber^  1847. 
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DESCRIPTION    OF    THE 
LUGGAGE    ENGINE    "ATLAS." 


Bt  Mb.  CHABLBS  F.  BBTBB,  of  Hanohebteb. 


The  present  commiuiication  does  not  pretend  to  lay  before  the 
Institation  any  pecxdiar  novelties,  but  is  simply  confined  to  the 
description  of  the  particular  constmction  adopted  by  the  makers, 
tor  this  class  of  engine. 

The  Engine  here  to  be .  described  belongs  to  the  class  called 
inside-cylinder  engines ;  has  inside  framings  and  six  wheels,  all  of 
them  coupled. 

Its  dimensions  are  as  follows: — 

18  inch  cylinders,  with  2  feet  stroke. 

Boiler  3  feet  6  inches  diameter,  by  13  feet  6  inches  in  length, 
oofntainiiig  175  brass  tubes,  of  If  inches  outside  diameter;  and 
4  feet  6  inches  wheels,  made  of  cast  iron. 

The  copper  firebox  is  3  feet  8  inches  long  by  3  feet  3}  inches 
wide  inside,  and  measuring  3  feet  4^  inches  from  the  top  of  the 
firebars  to  the  underside  of  the  roof. 

The  water  spaces  round  the  four  sides  are  3  inches,  and  that 
of  the  midfeather  running  across  the  box  is  4  inches  in  width. 
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The  weight  of  the  engine  in  working  condition  is  24 
exactly. 

The  order  for  these  engines  was  given  on  the  14th  Nove 
1844,  and  the  dimensions  at  that  time  were  thought  large  ;  ho^ 
the  size  of  locomotives  has  been  so  much  and  so  rapidly  incri 
since,  that  they  no  donbt  will  appear  much  dwindled  down  at 
distant  period.  Still  the  performances  accomplished  with  thei 
nevertheless  thought  to  be  deserving  of  some  attention,  havii 
the  best  knowledge  of  the  writer  not  been  excelled  either  b 
or  since. 

0 

Sheet  I.  represents  a  side  elevation;  Sheet  11.  a  longitu* 
section ;  and  Sheet  III.  different  cross  sections. 

Sheet  lY.  shows  the  engine  in  plan,  and  represents  details  o 
cylinders,  connecting  and  coupling  rods,  the  force  pump,  and  s 
regulator,  on  an  enlarged  scale  of  3  inches  to  the  foot, — ^the  gei 
plans  being  half  that  size,  or  \\  inch  to  the  foot. 

The  framing  A  consists  of  two  single  flat  plates,  1  inc 
thickness,  to  which  the  cast-iron  slides  for  the  axle  bearings 
riveted  sideways. 

A  truss  or  stay  B  is  introduced  between  the  front  and  ce 
wheels,  to  relieve  the  forks  from  the  strain  between  the  piston 
crank  shaft. 

The  fastening  of  the  two  frames  to  the  body  of  the  engin 
made  at  the  front  by  means  of  the  smokebox  sides  C  C ;  and 
boiler  and  firebox  are  made  to  slide  or  expand  upon  them,  by  m( 
of  mortice  holes  in  the  boiler-feet  D  and  E,  and  angle  pieces 
which  form  the  connection  with  them. 

The  draw-plates  G  G  are  fastened  to  the  two  frame-plates  o; 
without  having  any  connection  whatever  with  the  firebox. 
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The  cylinders  are  secured  to  eacli  other  by  internal  flanches; 
ttiej  ionxL  the  bottom  of  the  smokebox,  and  the  principal  cross  stay 
bebweea  ilie  two  frames,  to  resist  bnffing. 

The  ^Blyes  are  inclined  towards  each  other,  situated  in  one 
cheeib,  and,  being  placed  below  the  cylinders,  afford  a  direct  exhaust 
to  &e  chimney. 

The  weight  of  the  valves  is  carried  by  their  spindles,  made  to 
work  through  staffing-boxes  in  both  the  loose  end-lids.  H,  a  cross 
stretcher,  forged  in  one  piece,  fimdy  bolted  to  the  frames  A  A,  bat 
unconnected  with  the  boiler,  to  carry  the  hind  ends  of  the  steel 
slides  II 1 1  and  reversing  shaft  J,  receives  the  front  ends  of  the 
force  pump,  and  prevents  the  eccentric  rods  M  M  from  falling  to 
the  ground  in  case  of  breakage. 

The  valve  spindles  N,  being  below  the  front  axle  and  not  tending 
to  the  centre  of  the  crank,  a  kind  of  pendulum  lever  O  is  introduced, 
for  rectifying  the  angles,  and  to  form  the  connection  between  the 
valve  links  and  the  block  P,  which  the  expansion  link  Q  acts  upon. 

The  steam  regulator  B  (see  Sheet  lY.)  is  in  this  instance  made 
with  a  second  disc  S,  provided  with  two  small  holes  T,  each  about 
1|  inches  area,  which,  being  acted  upon  first  on  turning  the  regulator 
handle,  admits  steam  into  the  pipes  and  cylinders,  and  thus  removes 
the  pressure  from  the  ordinary  disc  U  before  it  is  moved,  and 
enables  the  driver,  without  any  particular  attention,  to  start  as 
gradually  as  he  pleases. 

Sheets  V .  and  YI.  are  diagrams  of  the  working  of  the  valves  for 
a  complete  revolution  of  the  wheel  when  going  forward,  taken  from 
a  full-size  modeL 

The  carves  1,  2,  3,  4,  and  5,  of  the  admission  and  exhaustion  of 
the  steam  correspond  to  a  traverse  of  the  valve  of  4]^,  4^,  Sy^, 
2f ,  and  2fy  inches. 
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Although  one  engine,  the  "Atlas,*'  has  been  here  describecU  it 
will  be  necessary  to  state,  for  the  better  understanding  of  the 
particulars  connected  with  their  working,  which  the  writer  has 
succeeded  in  collecting,  that  Messrs.  Sharp  Brothers  and  Co.  have 
made  six  of  these  engines,  varying  only  in  the  number  and  diameter 
of  their  tubes,  but  in  other  respects  perfect  duplicates  of  each  other, 
namely : — for  the  Manchester  and  Sheffield  Railway  four  engines. 


' '  caUed 

Atlas, 

Hercules, 

Hector, 

Jupiter  ; 

and  two  engines,  Nos.  30  and  32,  for  the  Manchester  and 
Birmingham  Bailway,  the  last  of  which  has  been  transferred  since 
to  the  London  and  Birmingham  Bailway.  The  difEerence  of  the 
tube  plates  above  referred  to,  and  the  heating  surfaces  and  flue- 
j  areas  of  all  the  six  engines,  are  given  in  full  upon  Sheet  YII. 

f 

f  The  engine  "Atlas"  was  put  to  work  on  the  Manchester  and 

ll  Sheffield  Bailway  in  May  1846,  and  ran  up  to  the  31st  of  October 

n  last  40,222  miles  in  all ;  her  consumption  of  coke  being  37*94  lbs. 

'^  per  mile.     For  further  particulars  see  Table  U.  in  the  appendix. 

ii 

1*  Sheet  VIII.  shows  the  wear  of  the  tyres  (Low  Moor)  in  two 

Iji,.  opposite  places  of  each  of  the  left-hand  wheels  of  the  "  Atlas,"  after 

i\  running  the  above  distance  of  40,222  miles. 

I 

j  A  table  of  the  gradients  and  curves  of  the  Manchester  and 

!  \  Sheffield  Bailway  is  given  in  the  appendix. 

I  To  try  the  capabilities  of  one  of  these  engines,  a  train  of  101 

■'  wagons,  weighing  697  tons,  was  prepared  by  Mr.  Salt,  the  Goods 

I ;  Manager  of  the  Manchester  and  Birmingham  Bailway,  on  Saturday, 

I  the  3rd  of  October,  1846,  for  the  engine  No.  30  to  take  from 

I I  Longsight  to  Crewe,  a  distance  of  29  miles,  and  it  was  accomplished 
I  at  an  average  speed  of  13*7  miles  per  hour. 
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A  section  of  that  portion  of  the  London  and  North  Western 
Bailvaj  is  given  upon  Sheet  IX.  The  working  of  the  train  on 
this  occasion  was  as  follows : — 

Pot  the  steam  on  at  Longsight     ....      9  12  a.m. 

EuBed  the  month  of  tunnel  at  Stockport  .      9  41 

,y     Macclesfield  Junction 9  49 

,,      Handforth  Station 10    1 

„      Wilmslow  Station 10  10 

Game  to  a  dead  stop  at  Alderley  ....  10  16 
Sent  the  engine  forward  to  Chelf ord  to  tckke  in  water,  and 

Pat  on  the  steam  again  at  Alderley  .     .    .  10  54 

Passed  Chelf  ord  Station .     ......  11    8 

„      Holmeschapel  Station 11  28 

„      Sandhach  Station 11  41 

,,     Bookery  Bridge 11  44| 

AniTed  at  Orewe ,    ...  11  57 

The  size  of  blast-pipe  for  rnnning  the  above  trip  was  3^  inches 


diameier,  or  8*3  square  inches. 


Since  the  transfer  of  the  engine  No.  32  to  the  London  and 
Birmingham  Railway,  I  have  received  only  one  monthly  statement 
mpecting  her  performance,  namely  for  June  last.  Daring  that 
month  she  ran  3,004  miles,  with  a  consamption  of  coke  of  0*214  lbs. 
per  ton  per  ^^1^ ;  the  next  best  engine  then  at  work  on  that  line 
bunixng  0*38  Ibe.  per  ton  per  mile. 
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MANCHESTER,  SHEFFIELD,  AND  LmCOLNSHIRE 
RAILWAY. 
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ll 

to  end  of  Carre. 
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1 

i 
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0                   11 

11 

13 
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ll 

J                  0                62 
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straight. 

0                76i 

9* 

Sotith. 

i; 

■                  1                  0 
;                 1                  9 

straight. 
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1               44i 
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N. 
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N. 
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n" 

ll 

3                17 
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•• 

3                53 

36 
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straight. 
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13 
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i 

'1 

1 
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CO 
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5 
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31 
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6 

76 
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N. 

7 
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7 

54 

21 

70 

N. 

# 
8 

1 

27 

straight. 

••• 

^ 
fi 

7 

6 

80 

N. 

39 

32 

straight. 

... 

8 
8 
9 
9 
9 
9 
9 
9 
9 

46 

7 

120 

N. 

60 

14 

40 

N. 

15 

35 

straight. 

... 

19 

4 

30 

S. 

27 

8 

straight. 

.«• 

32% 

40 

30 
straight. 

N. 

63 

23 

40 

N. 

74. 
3 

11 

9 

160 
60 

N. 
N. 

10 
10 
10 

19 
37 
72 

16 
18 
35 

60 
straight. 

S. 

N. 

10 
11 

4 
31 

.  12 
27 

straight. 

N. 

11 

78 

47 

58 

S. 

11 
12 

77 

79 

straight. 

•  •• 

23 

26 

40 

s. 

13 

53 

30 

40 

N. 

13 

73 

20 

40 

S. 

13 

11 

18 

straight. 

... 

14 

33 

22 

60 

s. 

14 

72 

39 

straight. 

•  •• 

14 
15 

16 

24 

40 

N. 
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Side 

Dlctanoe  from  Ardwiok 

Length     . 

Badlns 

towards  n 

'  to  end  of  Carre. 

ot  Cam. 

of  Curve. 

Carre  bei 

HUes.               Chains. 

Chalni. 

n^fclna 

16                  46 

29 

60 

N. 

16                       3 

38 

60 

S. 

16-             24 

21 

40 

N. 

16                69 

45 

46 

S. 

17                  6 

17 

40 

N. 

17                42 

36 

si)ra%lit. 

... 

17                60 

18 

60 

S. 

18                  7 

27 

160 

N. 

18                26 
18                36 

18 
10 

Biiraight. 

N. 

21                38 

248 

straight. 

21     .  .         66 

28 

40 

N. 

22                 2 

16 

36 

N. 

22                33 

31 

straight. 

22                60 

17 

40 

S." 

22                70 

20 

90 

N. 

28     ..          16 

26 

110 

N. 

23                22 

6 

120 

N. 

28     ...        45 

23 

70 

S. 

23                74 

29 

80 

N. 

24               36 

42 

38 

S. 

25                 4 

48 

40 

N. 

25                36 

32 

40 

s: 

25                72 

36 

40 

N. 

26                20 

28 

straight. 

... 

26                42 

22 

40 

s. 

27                20 

58 

straight. 

... 

27                67 

47 

60 

s. 

28                20 

33 

60 

N. 

28                63 

33 

66 

S. 

30     ...        12 
80                61 

119 

49 

straig'iLt. 

N. 

81                17 

86 

40 

S. 

31                77 

60 

60 

S. 

32  .          41 

33  14 

44 
63 

straight. 

N. 

33      .          86 

42 

straight. 

34                 6 

30 

80 

S.' 
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Side 

Lengtlt 

Bodliu 

towuds  which 

«o  end  of  Cnrre. 

of  Carre. 

of  CurTO* 

Curve  bends. 

miea.                        CbmiiM. 

Chains. 

Cbaliu. 

34                      30 

24 

80 

N. 

34                        61 

21 

40 

S. 

35                        15 

41 

30 

N. 

35                        69 

44 

.  36 

s.  • 

36                         7 

28 

40 

N. 

36                      42 

35 

straight. 

36                       73 

31 

40 

N. 

37                       69 

66 

utraight. 

37                       68 

9 

40 

S. 

38                      25 

37 

straight. 

38                      44, 

19 

35 

N. 

39                        2 

38 

35 

S. 

39                       60 

48 

40 

N. 

40                       15 

45 

straight. 

40                       19 

4 

40 

S. 

40                       24 

5 

straight. 

Total  length,  3224  chains;  or  40  miles,  24  chains. 
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LUOGAOE   ENOINfl    '*  ATLAS. 


<(    AIHT   Ad    » 


MANCHESTER,   8HEFFIELI 
LUGGAGE     EN 

FROM    MAY 


Period 

of 

Working. 


BnglneefB 

and 

Fireman's 

Wages. 


£    8.    d. 


Coke  oonsamed, 
Total. 


Weight. 


£     B.     d. 


£    B.    d.    X 


Mat     ") 

TO  > 

JdkbISm) 

TO 

DTC.18M... 

TO 
JUKB1M7.., 

TO 
0GT.1M7... 


100 


17,175 
12,6M 
7,a62 


2,800 


106  17,380 


26 


i2,eoo 

7,862 


11  11    4 


84  10    8 


72    2    8 


99    4    4 


903 

6,773 
4,635 
2,414 


31    3  10 


6    5    0 


208  19    Oil  26    6    0^ 
27  13    8 
12  18    4i 


161    3    4 


100    4    2 


1  16 


9  17 


8    2 


4  16 


Totals. 


100  37,191  131 140,222|207    9    0 


13,626    186  10    41 


72    8    1 


24  13 
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n. 

L11SC0LN SHIRE    RAILWAY. 

"ATIiAS,"    No.    26, 

sin    OCTOBER    1847. 

r: 

Material 

lor 
Bcpabv. 

W«gea 

for 
Bepatra. 

Bevalra 

not  done 

byOo. 

CkMt  of  Tender. 

Total 

OOBt. 

Coke 
oonBomed 

per 
mile  run. 

Material 

for 
Bepaln. 

Wagea 

tor 
Bepalrs. 

1 

£    >.  «. 

£    a.    d.    1    £    ■.    d. 

£    a    d. 

£    a    d. 

£    a    d. 

£     8.     d. 

JAM. 

u  u  u 

0    0    0 

0  16  11 

0    0    0 

0    0    0 

0   0    0 

68  10    7 

36-U 

4    •    2 

0  10    0 

8    2  10 

0    0    2 

5    7    1 

0    2    6 

350  16    8| 

37'20 

M  10   7 

10    0    1 

M    7    5A 

51    6    8 

6  15    7 

8  10    4i 

400  10  10 

40-08 

U  10    7 

1  10    61 

17    0    4 

27    1    0 

0    5    6 

0    2    0 

221  18    8i 

8677 

12  10    71 

70    7    6A 

78  15    5 

12    8    2 

8  15    Oft 

1050  16  10 

87^ 
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TABLE  m. 


MANCHESTER,    SHEFFIELD,    AND   LINOOLNSHraE 
BAILWAT. 


LIST    OF   GRADIENTS. 


Il 


J  "I 

u 


'il 


LoeaUty 

Diataneet. 

Levels. 

Ormdlents. 

Height 
aDovo 

where 

^     1 

Per 

low 
water 

ohaogeof  gradient 

Total 

I'Si 

Rise. 

FalL 

Rata 

at 

mile. 

Llver- 

oeours. 

w    o 

pooL 

MUGBCh. 

ML  Ch. 

Feet. 

Feet. 

Feet. 

Feet. 

Manchester  &  Birming- 

0 

14-0 

0  14-0 

0-00 

0-0 

level 

169-66 

ham  Railway  Station 

0 

68-0  0  440 

7-60 

... 

14-0 

1  in  837 

177-06 

Chancery  Lane  .    . 
Blind  Lane    .... 

P 

60-0|0    20 

0-69 

... 

110 

1  in  480 

177-75 

0 

40  0    4-0 

0-41 

11-0 

1  in  480 

178-16 

Stockport  Canal     .    . 

1 

76-6  1  71-5 

66-92 

... 

300 

1  in  176 

235-08 

Oorton  Reservoirs .    . 

2 

600  0  64-6 

42-58 

... 

52-8 

1  in  100 

277-66 

North  Street.    .    .    . 

S 

70-0*1  10-0 

45-00 

40-0 

1  in  132 

322-66 

Guide  Bridge     .    .    . 

4 

200 

0  300 

600 

16-0 

1  in  330 

328-66 

Near  River  Tame   .    . 

4 

400 

0  20-0 

0-00 

0-0 

level 

328-66 

Dukinfield  Road    .    . 

4 

63-6 

0  23-6 

8-76 

... 

30-0 

1  in  176 

337-42 

Newton  Wood  Colliery 

5 

60-0 

0  76-4 

60-68 

..< 

52-8 

1  in  100  38800 

Newton  Green    .    .    . 

6 

66-5 

0  76-5 

26-77 

... 

28-0 

1  in  188  414-77 

Hattersley     .... 

8 

16-6 

1  40-0 

66-40 

... 

87-6 

1  in  140  471-17 

Broadbottom      .    .    . 

9 

26-0 

1    9-5 

11-63 

... 

10-4 

1  in  511   482-80 

Gamsley 

10 

47-0 

1  21-0 

65-66 

... 

44-0 

1  in  120  638-45 

Dinting 

11 

7-0 

0  40-0 

0-00 

... 

0-0 

level     538-45 

Deepclongh  .... 

13 

31-0 

2  24  0 

121-44 

... 

52-8 

1  in  100 

669-89 

Woodhead,     entrance 

to  Summit  Tunnel  . 

18 

87*0 

5    6-0 

227-35 

... 

44-8 

1  in  118 

887-24 

Summit  Level    .    .    . 

21 

88-0 

3     10 

79-20 

... 

26-4 

1  in  200 

966-44 

Dunford  Bridge     .    . 

21 

47-0 

0    9-0 

••• 

1-44 

12-8 

1  in  410 

966-00 

Ranah 

24 

30*0 

2  630 

... 

111-50 

40-0 

1  in  132 

863-50 

Hielands 

26 

40-0 

1  10-0 

... 

49-50 

44-0 

1  in  120 

804-00 

Penistone 

27 

150 

1  550 

... 

67-50 

400 

1  in  132 

736-50 

Penistone  T.  P.  Road  . 

27 

22-3 

0    7-3 

... 

000 

0-0 

level 

736-50 

Poorhouse  Lane     .    • 

28 

0-0 

0  67-7 

... 

38-10 

52-8 

1  in  100 

698-40 

Road  at  Oxspring  .    . 
Road  from  Wortley  to 

29 

0-0 

1     00 

... 

32-80 

32-8 

1  in  161 

665-60 

Thurgolam     .    .    . 

80 

70-0 

1  70*0 

... 

75-00 

40-0 

1  in  132 

590-60 

Oughty  Bridge  .    .    . 

35 

620 

4  72-0 

... 

215-60 

440 

1  in  120 

375-00 

Sheffield  Station     .    . 

40 

240 

4  420 

... 

181-00 

400 

1  in  132 

194-00 

Totals 

40 

24-0 

40 240  788-69 

772-44 
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DESCRIPTION  OF   THE 
MULTIFARIOUS    PERFORATING  MAOHINB. 


By  Mr.  benjamin  FOTHBRGILL,  OF  Manchestbb. 


Thk  acoompanying  drawings  illtLstrate  the  details  of  an  improved 
Machine  for  Perforating  snch  Metal  Plates  as  are  used  to  form  ships, 
steam  boilers,  girders,  tabular  bridges,  and  other  strong  works  made 
of  metal  plates,  with  a  row  of  holes  equal  in  number  to  or  fewer 
tlian  the  punches  in  the  machine,  which  holes  may  be  of  the  same  or 
of  different  sizes,  and  at  the  same  or  different  distances  apart. 
A  seriee  of  rows  of  such  holes  may  be  made  in  each  plate,  and  any 
of  the  punches  may  be  prerented  from  acting  at  pleasure. 

In  Sheet  I.,  Fig.  1  represents  a  front  eleration,  Fig.  2  a  side 
eleration,  and  Fig.  3  a  horizontal  section,  taken  through  the  dotted 
line  ^  ^  in  Figs.  1  and  2,  of  an  improved  Perforating  Machine  for 
making  holes  in  strong  plates.  Fig.  4  is  a  detached  view  of  the 
traverse  apparatus ;  and  Fig.  5  a  detached  view  of  the  holding-down 
or  stripping  apparatus.  In  Sheet  II.,  Fig.  6  represents  a  sectional 
elevation  of  the  machine  shown  in  Sheet  I. ;  Fig.  7  an  elevation  of  the 
back  of  the  machine ;  Fig.  8  a  plan  view  of  the  apparatus  for  putting 
the  punches  out  of  action,  without  stopping  the  flywheel ;  and  Fig.  9 
a  plan  view  of  a  few  of  the  Jacquard  plates.  A  A  the  standards. — 
B  the  bed,  through  which  there  is  an  opening  for  the  punchings,  or 
metal  punched  out  of  the  plate,  to  fall ;  this  bed  is  inserted  into  the 
standards. — 0  a  stretcher  bar,  to  connect  the  top  of  the  standards. — 
D  a  fulcrum  bar  of  the  levers  q  q,  wjiich  withdraw  the  punches, 
and    of    the    lever  to,  which  traverses  the   plate. — E  a  fulcrum 
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shaft,  to  which  the  levers  j  j  and  h  h  are  keyed. — F  the  mam  oi 
eccentric  shaft,  working  in  bushes  in  the  standards. — 0  a  spur  wheel 
keyed  on  the  eccentric  shaft. — H  a  pinion,  working  into  the  wheel 
O. — I  the  flywheel  shaft,  on  which  are  the  fast  and  loose  pulleys 
K  and  Ly  the  pinion  H,  and  the  flywheel  /. — M  M  connecting  rods, 
fitted  to  the  eccentric  necks  of  the  shaft  F, — N  N  caps  of  the 
connecting  rods  M  if. — 0  0  guide  plates  for  the  punch  rams  P  P. — 
Q  the  cam  shaft. — B  a  spur  wheel,  loose  on  the  cam  shaft,  and 
having  on  one  side  two  projections,  between  which  there  is  an 
opening. — E*  a  locking  disc  or  plate,  keyed  on  the  shaft  Q,  having 
upon  it  a  spring  catch  38,  which  takes  into  the  opening  between  the 
projections  on  the  wheel  B. — B  and  B*  are  seen  detached  on  Sheei 
II.,  and  the  dotted  lines  on  B*  represent  a  weight  to  counterbalance 
the  levers  K. — S  a  toothed  wheel,  keyed  on  the  main  shaft  F. — 
T  the  punch  ram  depressor,  secured  to  the  connecting  rods  M  M  hy 
knuckle  joints  at  the  lower  end  of  the  connecting  rods. — Ua,  slide-bai 
on  which  the  frame  traverses  which  carries  the  plate  to  be  punched. — 

V  V  two  short  slide-bars,  to  carry  one  side  of  the  traverse  frame. — 
W  a  block  of  iron  fastened  with  short  wedges  to  the  bed  J5,  to  carry 
the  die  plate  X,  into  which  the  dies  d  are  inserted,  and  prevented 
from  rising  by  a  collar  at  the  lower  end  of  each,  as  seen  in  Fig.  5. — 

Y  a  square  shaft,  carrying  the  holding-down  levers,  or  stripping 
fingers  o  o. — Z  Z  levers  on  each  end  of  the  shaft  Y. — a  a  the  punches 
let  into  the  punch-holders  h  5,  bolted  to  the  rams  P,  as  seen  in  the 
detached  views  on  Sheet  II. — c  c  pieces  bolted  to  the  bed  5,  to  carry 
the  adjusting  slide-bars  V  V. — d  dies  inserted  into  the  holder  X, — 
6  e  (see  Fig.  6)  are  the  selecting  slide-bars,  which,  when  allowed  tc 
pass  through  the  card  plate,  enter  the  card  roller  /,  without  being 
pushed  backward  by  the  plate ;  the  card  roller  has  in  this  case  sis 
sides,  and  the  belt  of  Jacquard  plates,  after  passing  over  it  in  the 
usual  manner,  travels  over  a  round  roller  suspended  in  a  swing  frame 
at  such  an  angle  as  shall  keep  the  belt  moderately  tight,  whilst  the 
roller  /  advances  towards  and  recedes  from  the  selectors  e. — g  g 
brackets  projecting  from  the  depressor  T,  and  carried  up  and  down 
with  h  h  its  sliding  blocks,  in  which  the  journals  of  the  card-roUer 
turn. 
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To  aa  upright  cast  on  each  of  these  blocks  is  fitted  a  rod  of  ronnd 
iron*,  with  a  flat  foot  long  enough  to  extend  over  two  of  the  six 
pins  in  the  end  of  the  card  roller,  against  which  the  flat  foot  of  the 
•  rods  is  made  to  press  by  spiral  springs  coiled  aronnd  them  in  the 
usual  manner  employed  in  the  Jacqnard  loom,  which  being  generally 
known  need  not  be  further  described. 

1 1  (see  Fig.  6)  are  two  sets  of  gnide  blocks  for  the  selecters  a, 
one  on  each  side  of  the  depressor,  adjustable  lateraUy  by  set  screws 
on  flat  bars  0  extending  across  the  machine.  The  use  of  these  blocks 
18  to  carry  the  selecting  bars  e,  which  are  round  at  the  end  which 
enters  the  cards,  and  flat  at  the  other  end,  to  keep  them  in  their 
proper  positions ;  the  centre  portion  of  each  selecting  bar  is  a  solid 
piece  of  iron  projecting  as  much  below  the  round  stem  as  will,  when 
the  selecting  bar  is  driTcn  backwards  by  a  card  plate,  permit  the 
depresser  T  to  complete  its  downward  stroke  without  the  selecting 
bar  touching  the  ram  P  under  it. 

jj  are  levers  keyed  on  the  shaft  E,  and  connected  at  their  lower 
ends  by  links  to  the  slide-blocks  h  h. — Jc  k  also  are  levers  keyed  on 
the  shaft  Ey  and  having  each  a  friction  roller  at  its  lower  extremity. 
On  the  shaft  Q  ore  two  cams,  one  of  which  works  the  lever  7c  on  one 
side  of  the  shaft,  and  the  other  cam  works  the  other  lever  h  on  the 
opposite  side.  One  of  the  cams,  through  the  medium  of  the  levers 
jj  and  the  links  before  referred  to,  causes  the  roller  /  to  approach 
the  selecting  bars  e,  and  the  other  cam  causes  the  roller  to  recede 
from  them,  until,  by  a  catch  employed  in  the  ordinary  way  in  the 
Jaoquard  looms,  the  roller /is  made  to  turn  through  one  sixth  of  a 
revolution,  and  is  then  retained  in  that  position  by  the  pressure  of 
the  spiral  spring  and  flat  foot  above  referred  to. 

{ I  are  brackets  attached  to  the  depresser  T  at  the  back  of  the 
machine,  seen  best  in  Fig.  6. — m  a  bar  resting  on  the  brackets  I  I, 
and  connected  by  rods  with  the  sliding  blocks  h  h,  which  on  receding 
eaose  the  bar  m  to  bring  ^  the  selecting  bars  e  into  the  position  for 
depressing  the  rams,  as  seen  in  Fig.  6. — n  n  are  levers  having  their 
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^  'I  fulcra  on  stads  screwed  into  the  standards ;  one  end  of  these  levers 

is  connected  by  a  rod  p  with  the  levers  Z  Z;  the  other  end  is 
furnished  with  a  roller  which  is  acted  upon  by  a  cam  u  on  the  shaft 
Q,  see  Fig.  2. — o  o  are  the  holding-down  levers,  adjustable  laterally 
on  the  shaft  Y,  so  as  to  admit  of  one  of  them  being  placed  on  each 
side  of  every  pnnch. — p  p  are  rods  connecting  the  levers  n  and  Z. 
By  adjusting  the  length  of  these  rods  the  levers  o  o  are  made  to 
press  upon  plates  of  different  thicknesses,  so  as  to  hold  the  plates 
down  while  the  punches  are  being  withdrawn. — q  q  levers  turning 
on  the  fulcrum  bar  D,  for  withdrawing  the  punches  by  means  of  the 
cams  r  r  that  actuate  the  levers  q  q, — s  a  broad  but  rather  thin  bar, 
extending  through  the  series  of  punch  rams  P,  shown  by  dotted 
lines  in  Figs.  1  and  7. 

The  punch  rams  P  are  made  with  slots,  through  which  the  bar  s 
passes,  and  these  slots  must  be  about  two  inches  longer  than  the 
width  of  the  bar  s,  in  order  to  allow  the  punch  rams  to  be  forced 
down  when  the  bar  is  at  the  bottom  of  its  stroke. — 1 1  are  links 
coimecting  the  bar  8  with  the  levers  q  q, — u  u  are  cams  which  depress 
the  holding-down  levers  o  o,  through  the  medium  of  the  lovers  n  n, 
rods  p  j?,  and  levers  Z  Z,  and  hold  down  the  plate  while  the  punches 
are  being  withdrawn. — v  a  cam  for  the  traversing  rack  5. — w  a  lever 
turning  on  the  fulcrum  bar  D,  and  worked  by  the  cam  v, — x  the  cam 
for  lifting  the  rack  5. — y  a  lever  turning  on  a  stud  in  the  standard, 
and  worked  by  the  cam  a?,  for  lifting  the  traversing  rack  6. — z  a  rod 
connecting  the  lever  y  with  the  lever  8,  seen  best  in  Fig.  4. 

1  is  a  lever  on  the  traverse  shaft  2. — 3  another  lever  on  the  shaft 
2. — 4f  a  link  connecting  the  lever  3  with  the  rack  6. — 6  a  rod 
coimecting  the  lever  w  with  the  lever  1,  for  traversing  the  rack  6. — 
7  a  shaft  for  carrying  the  levers  8,  9,  and  10. — 11  a  link  connecting 
the  levers  10  and  12. — 13  a  shaft  carrying  the  levers  12  and  14. — 
15  and  16  are  links  connecting  the  rack  5  with  the  levers  9  and  14. — 
17  the  upper  or  retaining  rack. — 18  a  stud  carrying  the  elbow  lever 
19,  which  is  provided  with  a  handle. — 20  pother  stud  carrying  the 
elbow  lever  21,  which  is  connected  by  a  link  22  with  the  lever  19  : 
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the  nek  17  is  earned  on  Btads,  in  the  horizontal  arm  of  the  levers 
19  and  21.— 23  division  stads  in  the  bar  24  of  the  traversing 
frmxne. 

The  plate  to  be  ponclied  is  pnt  into  a  traversing  frame,  formed 
of  two  side  bars  24  and  25,  and  two  stretcher  bars  secured  by 
oottento  the  side  bars,  which  are  rabbeted  to  support  the  plate, 
and,  when  required,  fnmished  with  clamps  to  hold  the  plate  down. — 
24  represents  one  of  the  sides  of  the  traversing  frame,  in  which 
there  is  a  groove  to  fit  on  the  slide-bar  TI ;  into  the  outer  side  of  the 
bar  24  is  screwed  a  series  of  studs  23,  represented  in  the  drawing 
as  being  12  inches  from  centre  to  centre  apart  from  each  other ; .  the 
side  25  of  the  frame  slides  on  the  bars  V  F.  When  the  plates  to  be 
punched  are  very  long,  rollers  may  be  used  to  carry  the  projecting 
ends  of  the  traversing  frame. 

In  Fig.  3  is  shown  part  of  a  frame,  with  a  plate  partly  perforated. 
The  racks  5  and  17  (see  Fig.  4)  are  drawn  with  three  teeth  in  the 
length  of  a  foot,  which  will  divide  plates  to  a  4  inch  pitch ;  but  it 
will  be  obvious  that  for  a  different  pitch  the  racks  must  be  changed, 
and  it  may  in  some  cases,  such  as  when  the  pitch  required  is  not  an 
aliquot  part  of  a  f  oot^  be  necessary  to  alter  the  distance  between  the 
studs  23. 

Fig.  4  represents  the  traverse  apparatus  in  the  position  it  will  be 
in  when  the  retaining  rack  is  down,  and  the  punches  in  the  act  of 
passing  through  the  plate,  the  traversing  rack  having  completed  its 
return  stroke.  When  the  punches  are  being  raised,  the  traversing 
rack  will  rise  also ;  and  by  the  side  piece  26,  which  is  attached  to  it, 
acting  against  the  roller  27  on  a  stud  in  the  rack  17,  will  raise  it 
also,  and  set  the  frame  at  liberty  to  be  advanced  by  the  cam  «, 
through  the  mechanical  means  already  described.  In  Fig.  6  this 
traverse  apparatus  is  shown  in  the  position  it  assumes  when  the 
plate  is  advancing.  The  spiral  spring  28  acts  on  the  lever  21,  and 
forces  th9Vack  17  down  on  to  the  pins  23. 
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Fop  every  hole  required  to  be  panclied  in  line  with  the  width  oi 
the  plate  under  operation,  a  corresponding  hole  mnst  be  made  in  a 
plate  of  the  Jacqnard;  and  an  additional  hole,  marked  30,  (sec 
Fig.  9,)  is  also  made,  into  which  the  stopping  bar  31  enters  at  ever^i 
stroke  until  the  pnnching  be  completed;  at  which  time  tlic 
Jacqnard  plate  32,  which  is  left  blank,  will  posh  all  the  selecting  bars 
e  beyond  the  rams  P,  and  at  the  same  time,  by  pushing  the  bar  31, 
disengage  the  cam  shaft  Q,  by  the  mechanism  to  be  hereafter 
explained,  at  the  point  where  the  punches  and  the  levers  o  are  held 
up,  and  thus  will  allow  the  perforated  plate  to  be  taken  out  of  the 
machine,  and  another  plate  to  be  put  into  it.  A  lateral  motion  may 
be  given  to  the  plate  which  is  being  perforated  by  this  machine,  in 
the  same  manner  as  is  hereinafter  described  in  the  machine  for 
perforating  thin  plates  of  metal.  The  stopping  bar  31  is  provided 
with  a  projection  on  its  lower  surface,  which  depresses  the  cHck 
lever  39,  when  the  bar  is  pushed  back ;  the  lever  33  is  keyed  on  a 
shaft  34,  moving  on  bearings  at  the  back  of  the  depresser ;  on  the 
other  end  of  the  shaft  34  is  keyed  the  lever  35,  to  the  upper  end  of 
which  is  attached  the  link  36,  connecting  it  with  the  elbow  lever 
37.  The  end  of  the  other  arm  of  this  lever  is  inclined,  for  the 
purpose  of  unlocking  the  plate  £*,  and  is  provided  with  a  stud,  on 
which  is  a  latch  38,  the  tail  of  which  comes  in  contact  with  the 
incline  on  the  elbow  lever  37,  when  it  is  iu  the  position  shown  by 
dotted  lines  in  Fig.  8;  and  as  the  wheel  E  revolves,  the  latch 
becomes  disengaged  from  the  opening  between  the  two  projections 
cast  on  the  said  wheel,  at  which  time  the  cam  shaft  Q  ceases  to 
revolve.  When  the  stopping  bar  31  has  been  pushed  back,  it 
depresses  the  lever  39,  and  liberates  the  lever  33  from  behind  the 
projection  on  the  lever  39,  when  the  spring  40  will  pull  the  elbow 
lever  37  into  the  position  shown  by  the  dotted  lines. 


12^ 


To  the  blocks  h  a  small  shaft  is  attached,  on  which  are  two 
levers,  suspending  by  links  a  plate  of  metal  similar  to  a  blank  card 
plate,  except  that  the  holes  for  the  guide  pins  are  cut  at  the  bottom 
edge.  At  each  end  of  the  same  shaft  is  a  lever  handle,  held  up  or 
down  by  a  side  spring  in  the  ordinary  way.     The  use  of  this 
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10 .  MULTIFABIOUS   PERFORATING  MACHINE.  Jan.  1W8. 


AN  mPROVBD  MACHINE 

FOR  PERFORATING  THIN  SHEETS  OF  METAL, 

AND  PUNCHING  METAL  SURFACES, 

SO  AS  THEREBY  TO  FORM  VARIOUS  DEVICES 

OR  PATTERNS. 


Many  parts  and  movements  in  this  machine  are  almost 
identically  the  same  as  in  the  machine  for  punching  and  perforating 
strong  or  thick  plates,  previously  described,  and  it  will  be 
consequently  quite  unnecessary  to  notice  them  here.  Of  this  class 
are  the  standards,  the  eccentric  shaft  and  connecting  rods,  the 
driving  shaft,  fast  and  loose  pulleys,  cams  and  levers,  cam  shaft, 
and  toothed  wheels. 

In  Sheet  HI.,  Fig.  10  represents  a  vertical  section  of  the 
machine,  taken  at  right  angles  to  the  row  of  punches.  ^  ^  is  the 
bed,  which  differs  from  that  already  described,  principally  in  being 
made  of  two  flat  plates  of  cast  iron,  bolted  against  pieces  of  iron  B. 
which  regulate  the  distance  between  the  plates,  instead  of  being 
cast  in  one  piece ;  or  the  pieces  B  may  be  cast  on  one,  or  partly  oi 
both  plates. — 0  one  of  many  pieces  of  steel,  accurately  fitted  t< 
each  other,  and  to  the  angular  recess  in  one  side  of  the  bed,  anc 
made  fast  to  the  other  side  (over  which  they  project,  for  th( 
convenience  in  handling,)  by  the  screw  D.  Each  of  the  piecos  C  h 
perforated,  in  reference  to  the  other  pieces,  in  such  manner  that 
when  the  pieces  are  put  in  their  places,  the  row  of  holes  in  th< 
series  shall  be  such  as  may  be  required;  but,,  for  the  sake  o: 
perspicuity,  we  shaU  consider  the  holes  in  this  instance  to  be  in  i 
straight  line,  and  all  of  the  same  size ;  and  to  avoid  repetition  shal 
premise,  what  must  be  evident  tQ  any  one  acquainted  with  th< 
subject,  that  the  number  and  distance  of  the  holes  in  each  row  wil 
be  the  same  as  the  number  and  distance  of  the  punches,  wir< 
springs,  and  guide  wires. 
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?  corresponding  to  tlie  nnmber  of  wire  needles  or  selectors  in  the 

I    1    ^  ordinary  way.     The  groove  prism  will  suit  cards  of  yarions  pitches 

**  or  degrees  of  fineness. 


f<  ' 


^ 


I 


In  this  machine  the  plate  to  be    perforated,  marked    17,    is 
^  i  clamped  or  otherwise  secured  to  a  traversing  frame,  such  as  is 

generally  used  for  that  purpose,  to  which  the  following  addition  is 
made,  for  varying  the  pitch  in  reference  to  the  forward  motion  while 
the  plate  is  under  operation ;  namely,  when  a  screw  is  employed  to 
advance  the  plate,  either  the  collar  or  the  nut  in  which  the  screw 
works  is  made  to  slide  a  little  in  the  direction  of  the  length  of  the 
screw,  on  the  piece  to  which  the  same  is  usually  attached:  this 
sliding  of  the  nut  or  collar  may  be  regulated  by  a  cam  or 
eccentric ;  and  the  same  principle  of  retarding  or  accelerating  the 
plate  is  applied  when  a  rack  and  pinion  are  employed. 

In  addition  to  the  longitudinal  traverse,  there  is  given  to  the 
plate  a  lateral  motion,  which  may  be  regulated  by  a  cam  or  cams,  or 
by  an  eccentric  or  eccentrics,  according  to  the  nature  of  the  devices 
or  patterns  to  be  punched  or  perforated  by  the  machine.  To  adapt 
the  mechanism  for  producing  such  compound  movements,  the 
longitudinal  sHding  frame  is  made  to  traverse  upon  a  cross  slide,  the 
manner  of  constructing  which,  and  of  communicating  motion  to  the 
cams,  will  vary  according  to  the  pattern  required,  and  need  not  be 
ijij  further  noticed  here,  as  it  will  suggest  itself  to  any  competent 

i{  l||  mechanic. 

Fig.  12,  on  the  same  sheet,  shows  a  different  arrangement  of 
mechanism,  for  putting  out  of  action  at  each  stroke  of  the  machine 
such  punches  as  are  not  required  to  be  used.  The  principal  difference 
consists  in  the  wires  Q,  when  pressed  by  the  cards,  pushing  the  punch 
rams  /,  which  move  on  the  punch  head  as  a  fulcrum,  beyond  the 
reach  of  the  steel  depresser  If.  Another  slight  difference  is  made 
in  putting  the  wires  Q,  and  th6  prism  T,  to  move  up  and  down  with 
the  piece  0,  instead  of  with  L,  as  shown  with  reference  to  Figs.  10 
and  11. 
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MUITIFABIOUS   P£RFOBATINO   MACHINE. 


Jan.  im 


AN  IMPROVED  AERANGEMENT  AND  COMBINATION 

OP  THE  PARTS   OP  A 

PUNCHING  OR  PERFORATING  AND  SHEARING  MACHINE 


A  combined  Pimchiiig  and  Shearing  Machine,  snitable  foi 
punching  and  shearing  simnltaneonsly  plates  and  bars  of  metal,  ii 
represented  in  the  drawings  annezBd. 

Pig.  13  is  a  front  elcYation  of  the  end  of  the  machine  to  whici 
the  shears  are  applied. — Pig.  14  is  an  elevation  of  the  punching  enc 
of  the  machine;  and  Pig.  15  is  a  side  elevation  of  the  machine 
showing  the  shears  at  one  side  and  the  punch  at  the  other. — Pig.  1( 
is  a  front  elevation,  and  Pig.  17  a  side  elevation,  of  another  of  th< 
improved  modes  of  driving  the  combined  punching  and  shearing 
machine. 

In  Pigs.  13, 14,  and  15,  a  represents  the  frame  or  standards,  t< 
which  all  the  working  parts  of  the  machine  are  attached. — h  is  th( 
driving  shaft. — c  a  pinion  fixed  upon  it,  and  driving  the  wheel  d 
which  is  keyed  on  the  eccentric  shaft  e. — Jc  is  the  flywheel,  on  whicl 
are  cast  clutches,  taking  into  clutches  cast  on  the  pinion  c.  Th< 
object  of  these  clutches  is  to  connect  the  pinion  with  the  flywheel  ii 
a  more  perfect  manner  than  can  be  done  by  keying  them  to  th( 
shaft. — -f  represents  the  eccentric  for  working  the  shears,  and  < 
the  eccentric  for  working  the  punch,  both  turned  out  of  the  solid  oi 
the  shaft  e. — h  is  the  sliding  plate,  to  which  the  upper  blade  of  th< 
shears  is  secured ;  and  i  is  the  connecting  rod  for  working  the  slid< 
h  up  and  down. — I  is  the  connecting  rod  reaching  from  the  eccentric 
g  to  the  projection  m  cast  on  the  plate  n,  to  which  is  attached  tb< 
punch  holder. 

The  punch  slide  n  is  lifted  up  after  every  stroke  by  the  following 
contrivance : — upon  the  shaft  e  is  an  eccentric  o,  which  acts  agains 
a  roller  on  a  pin  in  one  arm  of  the  lever  p^  which  turns  on  a  stu( 
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MULTIFARIOUS   PERFOEATINO  MACHINE. 


Jah.  1848. 


A  machine  sucli  as  is  represented  in  Sheets  I.  and  H.  was  made 
for  Mr.  Evans,  the  contractor  for  the  iron  tubular  bridge  which  is 
to  carry  the  Chester  and  Holyhead  BaUway  over  the  Biver  Conway 
at  the  town  of  that  name.  This  machine  is  employed  to  perforate 
the  plates  for  the  bridge,  and  is  at  present  adapted  to  punch  such 
pitches  only  as  that  work  requires,  viz.,  3  inches  and  4  inches  from 
centre  to  centre  of  the  rivet  holes,  with  latitude  for  departing 
considerably  from  those  (general)  pitches  in  the  lateral  rows  of 
holes.  It  is  constructed  to  perforate  at  each  stroke  a  row  of  holes 
3  feet  5  inches  broad ;  but,  by  employing  a  series  of  card  plates 
similar  to  the  cards  used  in  the  Jacquard  loom,  any  number  of 
punches  may  be  put  out  of  action  at  pleasure ;  and,  by  means  of  a 
blank  card  at  the  end  of  the  series,  the  machine  is  put  out  of  action 
at  a  point  where  no  obstacle  is  presented  to  the  taking  out  of  the 
perforated  plate,  and  putting  a  blank  plate  in  its  stead.  The 
operation  of  changing  plates,  weighing  6  or  7  cwt.  each,  is 
performed  by  half  a  dozen  men  in  less  than  one  minute ;  and  whilst 
one  plate  is  being  punched,  these  men  get  another  ready  to  put  into 
the  machine.  As  this  machine  makes  11  to  12  strokes  per  minute, 
it  follows  that  with  a  4-inch  pitch  a  12  feet  plate  may  be  punched 
in  less  than  four  minutes,  and  consequently  that  (allowing  one 
minute  for  changing)  the  machine  may  perforate  twelve  such  plates 
per  hour.  Many  of  the  plates  in  the  bridge  are  12  feet  long,  2  feet 
8  inches  broad,  and  |  inch  thick,  and  are  punched  for  rivets  1  inch 
in  diameter. 

As  there  are  but  few  engineering  concerns  where  such  a 
perforating  machine  as  that  at  Conway  could  be  employed  more 
than  an  hour  or  two  per  day,  it  appears  to  me  to  be  very  desirable 
that  ironmasters  should  have  them,  and  that  they  should  also  have 
machines  for  straightening  and  bending  plates.  By  these  means 
they  would  be  enabled  to  supply  their  customers  with  plates  in  a  fit 
state  for  being  riveted  together. 

Were  this  system  brought  into  practice,  engineers  would  direct 
their  attention  to  adapt  their  work  to  the  capabilities  of  the 
perforating  machine;  and  thus  great  perfection,  despatch,  and 
economy  of  construction  would  be  the  result. 
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Apbil  26,  1848. 


T\i&  asual  Gskeral  Meeting  of  the  Members  was  held  in  the 
Theatre  of  Uie  Pbilosophical  Institution,  Cannon  Street,  Birmingham, 
cm  Wednesday,  the  26th  of  April,  1848;  George  Stephenson,  Esq., 
President,  took  the  chair  at  five  p.m. 

The  pRE8ii>£NT,  in  a  few  remarks,  congratulated  the  members  on 
the  ivosperous  state  of  the  Institution,  and  expressed  the  pleasure  he 
felt  in  meeting  80  many  of  the  eminent  mechanical  engineers  of 
Bo^Und.  He  would  come  amongst  them  as  often  as  he  possibly  could, 
for  it  gaTe  him  sincere  pleasure  to  do  so.  He  then  called  upon  the 
Secretary,  Mr.  Kintrea,  to  read  the  minutes  of  the  previous  meeting ; 
wkieh  were  confirmed. 


The  P&EfliDBNT  aaid  the  first  subject  that  would  occupy  the 
ntusAitm  of  the  meeting  was  ''  On  Boring  and  Fitting  up  Cylinders  for 
LooomotiTe  Engines;"  on  which  a  paper  had  been  read  at  the  last 
■gfting  by  Bfr.  Beyer.  Mr.  Beyer  was  now  unavoidably  absent,  and 
Mr.  FothergiU  had  been  requested  to  explain  the  construction  and  mode 
of  opetalioa  of  the  madiine  referred  to. 

Mr.  PoTHERGiLL  did  not  consider  it  necessary  to  read  the  paper 
•gam;  but  he  entered  into  a  verbal  description,  referring  from  time 
to  time  to  the  drawings  which  accompanied  the  paper. 

Mr.  Fbntok,  of  Leeds,  considered  that  the  operation  was  somewhat 
as  regarded  the  chipping  of  the  cylinder,  and  employing  the 
Ijrfates. 
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TEETH    OF   WHEELS.  April,  1848. 


Mr.  McCoNNELL  said,  I  can  bear  testimony  to  one  part  of  Mr. 
Fothergill's  statement.  Abont  three  years  ago,  one  of  the  engines 
made  by  Messrs.  Sharp  and  Co.  had  a  split  cylinder,  and  I  wrote  down 
for  another  to  replace  it.  In  three  days  I  had  a  cylinder  sent  up, 
which  actually  fitted  in  every  particular,  so  that  not  a  file  bad  to  be  put 
upon  it ;  showing  the  perfect  manner  in  which  they  were  got  up. 

The  President  said  that  the  fact  stated  by  Mr.  McConnell  was  very 
i  :||  satisfactory  ;  there  could  be  no  doubt  that  the  idea  was  of  importance  ; 

and  the  thanks  of  the  Institution  were  due  to  Mr.  Beyer  for  his 
valuable  communication. 


The  Secretary  then  read  the  following  Paper,  by  Mr.  F.  Bashforth, 
M.A.,  Fellow  of  St.  John's,  Cambridge  : — 

ON  THE  FORMATION  OP  THE  TEETH   OF  THE  DRIVERS 
OF  PIN  WHEELS. 


The  proper  form  of  the  teeth  of  wheels  is  a  subject  that  has  long 
engaged  much  of  the  attention  of  mechanicians ;  and  for  many  purposes 

1^1  all  desirable  accuracy  has  been  attained.      Still  cases  occur  where  the 

ordinary  spur  wheels  cannot  be  employed,  and  various  substitutes  have 
been  tried  on  different  occasions  with  more  or  less  success.  Professor 
Willis  has  shown  that  the  proper  form  for  the  teeth  of  spur  wheeb  is  a 
compound  of  portions  of  epicycloids  and  hypocydoids.  He  confined  his 
attention  to  the  proper  forma  of  the  teeth,  and  to  the  means  of  describing  them. 
I  am  not  aware  that  self-acting  machinery  has  been  applied  to  give  those 
forms  to  metal  wheels  when  mounted  on  their  axes;  and  until  this  is 
accomplished,  little  can  be  expected  beyond  an  improvement  in  the 
ordinary  application  of  spur  wheels. 

From  the  facility  with  which  almost  perfect  forms  may  be  given  h^ 
simple  self-acting  machinery,  to  the  teeth  of  the  drivers  of  pin  wheels,  1 
think  this  old  system  worthy  of  attention.  I  am  not  aware  that  the 
method  employed  in  the  formation  of  the  accompanying  cast  iron  mode] 

l||f  has  ever  been  previously  used,  or  recommended  in  any  publication ;  biil 

it  has  at  least  the  merit  of  being  simple  and  dbpable  of  any  degree  oi 
accuracy. 

Digitized  by  VjOOQ IC 


AffillMe.  TJBSTH  OP   WHEELS.  O 

It  is  well  known  that  if  the  pins  be  supposed  to  be  mathematical  lines, 
k^  proper  fonns  of  the  teeth  of  the  driver  will  be  portions  of  the  epicycloids 
desciibed  by  a  point  in  the  circumference  of  the  pitch  circle  of  the  pin 
whttl,  vhen  caused  to  roll  on  the  pitch  circle  of  the  driver.  But  suppose 
the  tnoer  to  become  a  cylinder,  with  the  above  mentioned  tracing  poM 
in  its  axis ;  the  interior  edge  of  the  eurve  so  described  will  be  the  proper 
ionaforthe  tooth  adapted  to  drive  pins  of  the  same  diameter  as  the 
tnang  cylinder. 

If  the  tracer  be  replaced  by  a  cylindrical  cutter,  this,  as  it  revolves 
OB  its  own  axis,  whidi  is  caused  to  move  in  the  proper  epicycloid,  will 
fimn  with  aocuxacy  the  interval  between  two  teeth  of  the  driver.  By 
tamiog  the  wheel  to  be  cut  through  the  proper  angle,  the  interval  between 
tlie  next  two  teeth  will  be  formed ;  and  so  on  till  the  whole  is  completed. 

I  pn^se  ihat  the  pins  should  be  formed  in  two  parts, — a  solid 
c)liDder  sunounded  by  a  tube  of  iron.  These  might  be  polished  and 
cuehardeoed.  The  interior  cylinder  must  be  of  sufficient  strength  to 
withstand  the  aiiess  of  the  machinery,  and  when  the  tooth  of  the  driver  came  in 
ooDlact  with  the  outer  case  of  the  pin,  this  would  revolve  through  a  small 
ttgle,  and  tihus  all  abrasion  of  the  teeth  of  the  driver  would  be  avoided. 

Althougfa  I  am  fully  aware  of  the  difficulty  of  giving  the  neoesaaiy 
leconcy  to  the  teeth  of  metal  wheeLs,  when  applied  to  mcreaw  the  angular 
vdodtyof  an  axle,  still  I  think  this  method  might  be  applied  with  a 
Ramable  prospect  of  success  to  the  screws  of  steamers,  and  if  successful 
thete,  to  a  great  variety  of  other  purposes.  Wooden  teeth  of  any  size 
oDohi  in  like  manner  have  accurate  forms  given  to  them,  but  it  would 
perhaps  be  found  difficult  to  keep  them  in  their  places. 


Mr.  MoCoMNSLL  observed  that  he  did  not  conceive,  from  this 
deseriptioa  by  Mr.  Bashforth,  that  his  phm  of  cutting  the  teeth  was 
inything  different  from  that  which  was  usually  employed.  Mr.  Bashforth 
might  imagine  it  was  new,  but  he  (Mr.  McGonnell)  believed  that  all 
pattern  makers,  or  all  he  had  ever  seen  making  wheels,  were  accus- 
tooed  to  pursue  the  same  method  as  Mr.  Bashforth  had  described. 
The  ibnn  of  teeth  was  decidedly  what  was  used  in  the  old  cog  and 
dnm  eom-miU  teeth  a  century  ago.  However  the  gentleman  being 
-  deserved  credit,  for  he  no  doubt  had  conceived  the  idea. 
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Mr.  £.  A.  GowPER  said  he  did  not  agree  with  Mr.  McCoimeli :  th 
had  the  old  trundle  and  spur  wheel  in  it,  but  the  teeth,  if  made  accorc 
the  description,  would  be  an  epicycloid  struck  by  the  circle  of  the  pin 
and  the  particular  application  of  the  machine  was  a  circular  cutter  of  th 
diameter  as  the  pins,  which  should  cat  the  teeth  in  the  wheel ; 
the  teeth  in  the  wheel  were  struck  by  a  cutter  exactly  the  diameter 
pin  which  was  to  work  with  them,  they  must  be  the  true  shape.  It  v 
only  proposition  for  a  machine  to  cut  epicycloid  teeth  by  the  operai 
the  machine  itself. 

Mr.  McCoNNELL  stated  that  in  his  earlier  days  they  used  to  stri 
all  the  teeth  of  the  wheel  by  the  teeth  of  the  pinion.    The  invanabl 
of  all  the  mill-wrights  in  that  part  of  the  country  was  to  take  the  cog 
and  pinion,  and  strike  out  the  teeth  of  the  cog  wheel  from  the  pitch 
the  other ; — the  principal  plan  of  forming  the  epicycloid. 

Mr.  FoTHERGiLL  Said  there  was  another  method,  namely,  inst 
striking  the  wheel  out  with  the  compasses,  in  the  way  to  which  rei 
had  been  made,  which  was  the  old  plan,  to  take  two  blocks,  repres 
the  pitch  lines  of  the  two  wheels ;  let  these  two  come  in  contact  on 
the  other,  and  have  a  sheet  of  tin  upon  the  wheel  or  the  pinion  block,  a: 
a  projecting  point  over  it  from  the  other  block  alternately,  and  lei 
describe  the  form  of  teeth  required,  so  that  the  one  shall  describe  th 
of  teeth  in  the  pinion,  and  the  other  the  form  of  teeth  required 
wheel ;  that  being  the  most  true  and  legitimate  principle,  so  far  as  he 
of  striking  wheels  in  use  at  the  present  time.  He  did  not  see  anythin 
in  the  present  proposition,  but  the  idea  might  be  original  with  Mr.  Basl 
and  they  ought  to  give  that  gentleman  credit  for  it :  at  the  same  tii 
decidedly  considered  that  they  had  at  the  present  time  much  improved 
the  method  now  brought  before  them. 

Mr.  Buckle  thought  that  a  great  deal  of  merit  was  due  to  the  i 
of  the  paper ;  and  he  believed  the  idea  suggested  might  be  found 
useful.     In  these  remarks  the  President  entirely  agreed. 


The  next  Paper  was  by  Mr.  Thomas  Craddock,  of  Birmingham  : 
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ON  A  BOILER  AND  CONDENSER 

SUITABLE  FOR  EXTENDING  THE  CORNISH  ECONOMY 

AND  FOR  PREVENTING  BOILER  EXPLOSIONS. 

In  tabmiitiiig  to  the  meeting  the  subject  of  this  paper,  it  appears 
doinble  to  call  attention  to  the  well  established  practical  data,  from  which, 
by  tbe  Cornish  system  of  generating  and  using  steam,  such  economical 
Rsohs  hare  been  obtained.  To  this  end  a  very  brief  review  of  the  various 
laws  or  principles  immediately  bearing  upon  the  subject  seems  to  be  essential 
kr  placisg  the  matter  in  its  proper  light  before  tbe  meeting.  Eor  this 
paipoee  perhaps  the  classified  mode  is  the  preferable  one. 

Firstly,  we  have  to  do  with  the  laws  by  which  heat  is  transmitted  from 
hotter  to  ix>lder  bodies,  and  vice  vend.  These  demand  in  the  steam  boilers 
and  ooodeasers  an  extensive  surface,  and,  as  far  as  other  circumstances  will 
allow,  that  such  surfiEuse  be  composed  of  thin  metal.  It  is  further  necessary, 
if  we  would  produce  the  greatest  economy  in  the  generation  of  steam,  that 
the  heat  prodaoed  in  the  furnace  be  to  as  great  an  extent  as  possible 
abaoibed  by  the  water ;  this  is  best  effected  by  a  subdivision  of  the  gases, 
bjr  a  slow  draught,  and  by  completely  surrounding  the  combustible  matter 
in  the  furnace  by  the  water  in  the  boiler. 

Seoondly,  the  hydrostatic  laws  require,  in  order  to  render  high  pressure 
ileam  equally  safe  from  explosion  as  low  pressure,  that  we  diminish  the 
sectional  area  of  the  mterior  surface  of  the  boiler  upon  which  the  pressure 
of  the  steam  acts,  in  the  same  ratio  as  we  increase  its  pressure.  If  we  do 
tys,  then  the  rendiDg  force  tending  to  burst  the  boiler  remains  the  same 
it  whatever  pressure  the  steam  be  generated. 

Thirdly,  the  laws  relating  to  latent  and  sensible  heat,  when  considered 
in  eombination  with  large  volumes  of  water,  and  subjected  to  the  casualties 
attadiDg  the  steam  engine,  suggest  the  diminishing  the  quantity  of  water 
neeeasaiy  in  steam  boilers,  as  far  as  practical  circumstances  will  permit,  as 
one  of  the  surest  means  of  preventing  destructive  boiler  explosions.  The 
iaportanee  which  attaches  to  the  suggestion  these  laws  present  becomes 
■ppaient  when  we  consider  the  effects  in  case  of  explosion,  which  such  an 
;  of  smsible  heat  produces  as  that  contained  in  the  large  volume  of 
'  necessitated  in  boilers  of  60  horse  power,  for  instance,  and  of  the 
i  eoostruction;  as  the  sensible  heat  contained  in  so  large  a  volume  of 
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water  would,  supposing  the  pressure  of  the  steam  to  diminish  from  40  lbs 
to  20  lbs.  per  square  inch,  generate  a  volume  of  steam  at  20  lbs.  pressure 
equal  to  30,000  cubic  feet.  Here  we  have  a  cause  equivalent  to  the 
diffusive  and  destructive  effects  exhibited  in  common  and  large  boilei 
explosions.  The  boiler  to  which  this  paper  refers  reduces  the  danger  from 
this  cause  nine  tenths,  though  the  steam  be  generated  in  it  at  a  temperatun 
and  pressure  of  100  lbs.  per  square  inch.  In  this  case,  we  find  the  sensibh 
heat  contained  in  the  water  required  by  such  boilers  would  give  but  30 OC 
cubic  feet  of  steam  at  20  lbs.  pressure.  The  boiler  under  consideration  l< 
equally  successful  in  diminishing  the  risk  from  explosion,  arising  from  tht 
rending  strain  due  to  the  pressure  of  the  steam  ;  as  on  a  comparison  with 
the  common  boiler,  in  which  we  suppose  the  steam  at  only  36  lbs.  pressure, 
we  find  the  rending  force  to  be  5400  lbs.,  whilst  in  the  tubular,  even  witli 
100  lbs.  pressure,  the  rending  force  amounts  to  only  900  lbs.,  or  but  one 
sixth  of  that  given  in  the  instance  of  the  common  boiler.  The  most  obvious 
and  certain  conclusion  to  which  such  well  established  principles  lead  cannot 
fail  to  show  how  ill-grounded  and  unscientific  must  be  the  objections  raised 
against  high  pressure  steam  when  generated  in  such  boilers. 

Fourthly,  the  laws  relating  to  the  expansive  action  of  steam  plaiul^i 
indicate  the  importance  of  the  two  leading  features  of  the  matter  befon 
the  meeting,  namely,  that  of  removing  the  atmospheric  pressure  from  the 
exhaust  side  of  the  piston,  on  the  one  hand,  and  on  the  other,  enabling  us 
to  make  use  of  high  pressure  steam  with  safety ;  as  by  the  removal  of  the 
atmosphere  in  non-condensing  engines  an  economy  is  produced  by  this 
cause  alone  equal  to  38  per  cent.,  and  by  increasing  the  pressure  of  the 
steam  at  the  commencement  we  can  obtain  a  further  increased  econom} 
upon  the  Cornish  system  equal  to  40  per  cent. 

My  boiler  and  condenser  form  part,  only,  of  arrangements  which  have 
been  practically  proved  to  give  the  following  advantages  : — ^an  increased 
extent  of  grate  surface :  a  slow  rate  of  combustion  :  great  extent  of  heating 
surface  for  the  fire  to  act  upon  :  increased  facility  for  generating  the  quantit} 
of  steam  required :  water  free  from  deposit  for  the  use  of  the  boiler  i 
removal  of  the  atmosphere  from  the  exhaust  side  of  the  piston  -.  insurance 
of  safety  from  explosion:  great  facility  for  generating  the  steam  undei 
higher  pressure,  by  which  the  expansive  principle  is  much  extended : 
diminished  tendency  to  priming  :  an  effectual  means  of  preventing  the  loss 
arising  from  steam  blowing  away  at  the  safety  valve:  self-adjusting  means  foi 
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keefuig  tbe  steam  at  a  nniforni  pressure,  whatever  the  pressure  desired 
Bay  be :  a  coatinuous  supply  of  pure  water  for  the  use  of  the  boiler,  it 
not  leqairing  a  fre%k  supply  of  more  than  one  gallon  per  horse  power  per 
diy  to  make  good  that  lost  by  leakage :  the  engines  and  boilers  compacted 
into  a  much  less  space,  and  not  half  the  weight,  for  equal  power,  of  those 
ingoienl  use. 


A  small  working  engine  was  placed  before  the  meeting. 

The  President  enquired  Aether  there  would  not  be  a  liability  in 
the  top  and  bottcmi  chambers  to  give  way. 

Mr.  Craddock  replied  that  he  had  had  these  boilers  in  use  ^r 
ivt  years,  and  he  had  worked  them  as  high  as  130  lbs. ;  but  in  general 
bom  60  to  SO  up  to  100  lbs.,  and  he  had  never  detected  any  leakage 
vhatever. 

Tbe  President  : — Tou  expect  a  saving  of  fuel  in  this,  I  suppose  ? 

Ifr.  Craddock  : — I  do ;  but  I  am  not  at  present  prepared  to  submit 
the  eiaet  amount. 

The  President  : — What  vacuum  do  you  get  P 

Mr.  Crai>i>ock  : — ^I  have  got  from  24  to  26  inches  of  mercury,  and 
[  do  Dot  despair  of  getting  28.  I  hope  to  be  able  very  shortly  to  show 
B  engine  of  40  horse  power,  which  shall  not  take  half  a  horse  power  to 
diTRe  the  condenser.  It  will  not  take  so  much  power  to  work  the  air 
punp  on  this  principle,  as  by  the  injection  system.  I  do  not  propose 
this  as  a  snbotitute  for  water,  by  any  means ;  but  I  propose  to  carry 
thift  principle  into  every  place  where  air  can  be  obtamed,  so  far  as 
oiberpvactical  ciicumstanoes  will  admit. 

TW  Prbsidsnt: — ^I  think  it  requires  a  very  ingenious  mind  to 
foOov  you. 

ICr.  McCoNNBLL  enquired  if  any  trial  had  been  made  of  the  engine 
aactoal  work. 

Mr.  Craddock  replied  that  it  had  been  tested  at  the  London 
Wocki  at  Smethwick,  and  referred  to  Mr.  Cowper  of  that  establish- 
■cbI  far  the  partioalars  of  the  trial. 

Mr.  Cowper  : — ^Mr.  Craddock  brought  the  engine  to  our  Works,  and, 
•i  near  as  1  can  remember,  the  results  were, — that  the  horse  power 
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was  22  and  a  fraction,  indicated  horse  power ;  and  the  condenser  took 
one  and  a  half  horse  power  to  drive  it.  I  think  it  may  have  beea 
less,  but  not  more,  while  the  engine  was  doing  the  work  of  22  horse 
power.  The  vacuum  was  2  2  J,  and  in  a  very  hot  day  in  August  he  got 
as  high  as  25  inches. 

Mr.  McCoNNELL : — May  I  enquire  the  diameter  of  the  cylinder, 
the  stroke,  and  the  pressure  of  the  steam  ? 

Mr.  CowPER: — I  think  the  high  pressure  cylinder  was  7  inches 
diameter,  and  the  other  13  inches. 

Mr.  C  RAD  DOCK  : — The  other  was  14  inches.  The  stroke  of  the 
high  pressure  cylinder  was  16  inches,  that  of  the  other  2  feet. 

Mr.  CowpER  : — The  pressure  of  steam  was  generally  about  80  lbs.  ; 
but  ^^^^  varied. 

Mr.  Crampton  : — I  should  like  to  know  what  proportion  the  con- 
densing surface  bears  to  the  heating  surface  of  the  boiler. 

Mr.  Craddock  : — I  can  furnish  you  with  the  substance  of  it.  For 
instance,  in  an  engine  of  10  horse  power  the  condenser  would  be  a 
weight  equal  to  10  or  12  cwt.  The  larger  the  engine  the  less  would  be 
the  proportionate  weight ;  but  I  can  say  it  would  not  exceed  12  cwt. 
for  10  horse  power. 

Mr.  Crampton  : — We  generally  suppose  9  feet  of  heating  surface 
to  generate  steam  for  one  horse  power;  and  what  1  meant  was,  how 
many  feet  of  cooling  surface  would  condense  this  ? 

Mr.  CowpER : — I  think  it  was,  as  near  as  possible,  40  square  feet 
to  41.  I  think  Mr.  Hall  used  with  his  water  condenser  20  feet,  and 
Mr.  Craddock  with  his  atmospheric  condenser  used  twice  as  much. 

Mr.  Craddock  : — I  use  about  twice  as  much  surfece  for  giving 
out  the  same  quantity  of  heat ;  but  I  think  I  shall  be  able  to  show,  that 
I  produced  treble  the  amount  of  power  from  the  same  quantity  of  steam. 

The  President  : — Have  you  any  idea  of  trying  it  with  locomotive 
engines  as  well  as  stationary  ? 

Mr.  Craddock  : — ^That  depends  upon  whether  I  obtain  sufficient 
encouragement ;  but  I  think  it  would  be  found  highly  economical  there  ; 
and  hence  I  have  an  idea  that  some  day  or  other  it  may  be  so  applied. 

Mr.  Buckle  : — Do  I  understand  that  you  generate  three  times  the 
quantity  of  steam  that  a  common  boiler  does  ? 


Digitized  by  VjOOQ IC 


A|ri,ldl&  BOTLEB,  AND   CONDENSEE.  9 

>[r.  Criddock  : — ^Certainly  not.  All  I  contend  for  is,  that  there 
is  a  larger  amount  of  surface  for  the  heat  to  act  upon  ;  and  I  conclude 
tbt  1  get  a  facility  for  generating  steam  which  the  common  system  is 
Bot  eapable  of. 

Mr.  HcCoKNELL: — What  is  the  proportion  of  the  low  pressure 
ejlinder  to  the  high  pressure  ? 

Mr.  Crabdock  : — Sis.  to  one. 

Mr.  McCoNNELL : — And  the  relative  pressure  of  each  when  working  ? 

Mr.  Ceaddogk  : — ^That  will  materially  depend  upon  the  space  which 
there  is  between  the  two  cylinders  for  the  steam  to  expand  in.  It  is  a 
matter  of  experiment  only. 

Mr.  ^IcCoNXELL  : — So  far  as  your  experience  goes,  what  do  you 
consider  to  be  the  relative  pressure  of  the  two  cylinders  ? 

Mr.  Craddock.  : — As  four  to  one. 

Mr.  McCoKNKLL : — ^Yes,  that  is  the  area ;  but  the  pressure  ? 

Mr.  Craddock  : — ^Experiment  will  determine  that. 

Mr.  Crampton  : — I  think  he  has  to  expand  the  steam  six  times  when 
be  kas  a  pressure  of  80  lbs.  above  the  atmosphere.     Is  that  so  ? 

Mr.  Craddock  : — It  is  not  fixed. 

Mr.  Cra m pton  : — The  expansion  of  steam  is  only  relative.  The  general 
nk  is,  that  at  a  pressure  of  25  lbs.  the  steam  is  expanded  five  times.  It 
tppears  to  me  that,  in  asking  questions  about  the  relative  capacities  of  the 
tniaD  and  large  cylinder^  we  should  always  bear  in  mind  the  pressure  of 
KctiD  to  be  worked. 

The  President  : — I  should  like  to  see  the  engine  pumping  water,  in 
Older  to  test  it. 

Mr.  McCoNNELL : — ^What  is  the  relative  consumption  of  your  engine  ? 

Mr.  Craddock  : — I  have  not  carried  my  experiments  so  far  as  to 
fonn  any  rule  -.  but  where  I  derive  the  economy  is  chiefly  in  the  expansion 
of  the  steam. 

Mr.  McCoNKBLL : — I  think  it  is  now  some  four  or  five  years  ago, 
«aoe  you  first  brought  it  under  notice,  and  I  was  then  anxious  to  ascertain 
whit  its  eeonomy  was.  Now  I  had  hoped  that  having  acquired  more 
experioioe  we  should  have  been  favoured  with  statements  upon  the  subject, 
ud  also  as  to  what  Mr.  Henderson's  engine  did  as  compared  with  yours. 
They  were  at  work  at  the  same  place,  and  you  had  every  opportunity  of 
naking  the  necessary  experiments  if  you  had  wished.it.  s  >t 
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Mr.  Craddock  :— I  have  never  directly  asked  Mr.  Henderson;  but  I 
have  many  times  thrown  out  a  suggestion  that  it  might  be  satisfactory  to 
have  some  experiments  made,  and  the  suggestion  was  never  acted  upon. 

Mr.  McCoNNELL : — In  dealing  with  this  question,  we  have  to  trust 
entirely  to  practice;  and  as  to  the  economy  of  expanding  steam  to  a 
certain  extent,  and  that  particular  system  of  condensation,  1  do  not  think 
we  are  prepared  to  give  a  decided  opinion.  The  best  test  would  be,  as  the 
President  has  stated,  that  of  pumping  water. 

Mr.  Buckle  : — Or  grinding  corn. 

The  President  : — Or  driving  a  locomotive  engine. 

Mr.  Craddock  : — I  submit  whether  the  indicator  is  not  a  sufficiently 
good  test. 

Mr.  Crampton  : — No  question  of  it :  but,  when  talking  of  economy, 
we  must  take  into  consideration,  first,  what  does  the  boiler  do  ?  how  much 
water  do  we  evaporate  for  a  given  surface  ?  When  that  is  settled,  then  we 
may  ask  how  much  better  is  it  than  another  ?  There  is  a  question  whether 
the  two  cylinders  are  better  than  a  single  one.  Evidently  a  loss  there  is 
in  the  expansion  of  steam  fl'om  the  small  cylinder  to  the  large  one,  which 
you  never  can  get  back,  and  which  you  avoid  by  using  a  single  cylinder. 
There  may  be  a  little'  more  equal  motion,  but  that  is  all  you  get.  I  tried 
them  some  years  ago,  and  I  found  that  you  would  lose  something  like 
14  per  cent.,  merely  in  the  travelling  of  the  steam  from  the  small  cylinder 
to  the  large  one.  It  is  however  desirable  that  we  should  come  to  some 
settled  opinion  upon  the  subject.  My  impression  has  always  been  that 
there  is  a  loss  connected  with  the  small  cylinder.  Put  the  same  amount 
of  steam  in  the  large  cylinder,  cut  it  off,  and  you  will  do  more  work  than 
if  you  first  put  it  in  the  small  one,  and  then  sent  it  through  to  the 
large  one. 

The  President  : — There  must  be  a  loss.  No  doubt  the  Cornish 
engine  does  its  work  more  economically  from  having  only  one  cylinder. 

Mr.  Crampton  : — What  I  want  to  know  is,  If  the  double  cylinder  is 
60  good,  why  is  it  so  ?  I  cannot  find  by  any  experiments  I  have  made,  that 
there  is  any  reason  for  it.  There  is,  as  I  have  said,  a  rather  more  uniform 
motion ;  and  that  little  advantage  I  think  we  can  get  from  a  flywheel. 
We  must  lose  a  certain  quantity  of  steam  in  going  through  the  passage, 
and  the  gain  of  the  more  uniform  motion  is  more  than  compensated  by  the 
greater  economy  in  having  the  high  pressure  steam. 
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The  President  : — If  you  throw  the  steam  into  the  large  cylinder,  and 
col  it  off  at  high  pressure,  at  a  short  portion  of  tlie  stroke,  yoa  have  that 
steam  to  expand  over  the  other  portion  of  the  cylinder,  before  it  is  thrown 
into  the  condenser;  this  brings  the  high  pressure  and  low  pressure  systems 
into  action  in  the  same  cylinder,  and  you  have  as  much  power  in  that  as 
yoa  have  in  two  cylinders. 

Mr.  McCoKNELL : — ^Therc  is  one  subject  which  we  have  not  yet 
cDDsidoed,  and  that  is  the  advantage  to  be  gained  from  using  the  revolving 
air-condenser,  as  compared  with  the  ordinary  jet-condenser  of  a  stationaiy 
ragine.  There  b  certainly  the  advantage  of  using  the  same  water  and 
haring  no  sediment,  instead  of  drawing  it  up  by  an  air  pump  and 
discharging  it. 

Mr.  CaADDOCK : — ^In  reply  to  Mr.  Crampton  and  the  other  gentlemen, 
I  may  state,  that  the  practice  of  the  profession  is  in  my  favour,  as  regards 
the  use  of  the  two  cylinders.  Time  was  however  when  these  engines  were 
tried  and  thrown  aside.  Let  me  call  the  attention  of  the  meeting  to  the 
iBodel  before  ua.  It  is  scarcely  necessary  to  remind  the  members  that  in 
90  small  an  engine  the  friction  is  considerable  when  first  started ;  yet  it  had 
woried  up  to  its  speed  with  the  steam  cut  off  at  1-6  0  th  of  the  stroke ;  to 
gtt  the  same  effect  in  one  cylinder  would  cause  great  irregularity  of  motion. 
Another  thing  which  I  have  found  in  the  course  of  my  experience — which 
has  been  considerable,  having  been  engaged  ten  years  in  this  matter,  seven 
of  which  have  been  devoted  in  a  great  measure  to  experimenting — is,  that 
those  experiments  with  respect  to  the  relative  advantages  of  the  double  and 
angle  cylinder  have  proved  to  me,  that  by  admitting  high  pressure  steam 
direct  from  the  boiler  into  the  cylinder  a  considerable  portion  of  it  becomes 
condensed  by  coming  into  contact  with  the  comparatively  cold  metal  of 
sBch  cylinder ;  the  water  resulting  therefrom  being  in  contact  with  the 
metal  cxf  the  cylinder  does,  when  placed  in  communication  with  the 
condeofler,  again  assume  the  form  of  steam,  which  passing  to  the  condenser 
Qideaaly  carries  away  much  heat  from  the  boiler  to  it,  without  producing 
aerhanical  effect.  I  suggest  that  a  more  conclusive  test  than  that  of 
indicator  fignres,  to  which  Mr.  Crampton  has  alluded,  will  be  that  of  two 
cylinders,  one  of  which  coidd  be  readily  thrown  out  of  action ;  such  engine 
Wing  connected  with  the  same  boiler,  expanding  the  steam  to  the  same 
extent,  and  performing  the  same  work,  the  steam  and  coal  required  in  both 
«M8  being  accurately  weighed.      I  have   made  experiirert?  v/lil'cli  arc 
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perfectly  conclusive  to  my  own  mind ;  and  I  hope  shortly  to  be  able  to 
give  you  an  invitation  to  investigate  experiments  which  will  be  equally 
satisfactory  to  yours. 

Mr.  McCoNNELL : — There  is  more  than  the  question  of  the  two 
cylinders  involved  in  this.  There  is  another  principle,  and  if  Mr. 
Craddock  would  pay  attention  to  that,  it  might  afford  a  great  deal  of 
infonnation.  I  allude  to  the  principle  of  condensing  by  air,  in  contra- 
distinction to  our  ordinary  way  of  condensing  by  a  water  jet.  If  there 
is  economy  in  that,  we  get  this  result,  that  we  have  pure  water;  and 
we  all  know  the  benefit  of  that  in  the  working  of  a  steam  engine.  I 
merely  suggest  this,  that  Mr.  Craddock  may  bring  forward  at  a  future 
period  the  results  of  this  principle,  as  well  as  the  advantages  it  may 
afford  in  the  generation  of  steam.  It  appears  to  me  that  the  condenser 
is  most  valuable  for  marine  pui*poses. 

Mr.  Craddock  : — The  advantages  of  the  condenser  for  marine  pur- 
poses may  be  stated  in  a  few  words, — it  would  ensure  water  free  from 
deposit,  thus  rendering  tubular  boilers  practicable,  which  enable  us  to  generate 
high  pressure  steam  with  safety ;  and  thus  by  carrying  out  the  expansive 
principle,  with  other  advantages  consequent  thereupon,  a  saving  of  two 
millions  annually,  in  the  steam  navy  alone,  would  be  effected. 

Mr.  Jackson  : — I  have  for  many  years  looked  upon  double  cylindei 
engines  as  compound  machines.  From  the  manner  in  which  Mr. 
Crampton  has  discussed  this  matter,  it  is  evident  that  he  could  throw 
some  additional  light  upon  it.  I  therefore  beg  to  move,  "that  thia 
meeting  will  esteem  it  a  favour  if  Mr.  Crampton  will  prepare  and  lay 
before  the  next  meeting  a  paper  and  diagrams  descriptive  of  the 
experiments  made  by  him,  on  the  comparative  merits  of  the  double  and 
single  cylinder  systems."  The  motion  having  been  seconded  was 
carried  unanimously. 

Mr.  Crampton  assured  the  meeting  that  it  would  give  him  great 
pleasure  to  do  anything  he  could  to  elicit  information  on  the  subject. 
He  had  made  some  experiments  eight  or  nine  years  ago,  and  he  would 
be  happy  to  go  into  the  question  again. 


The  next  Paper,  by  Mr.  Peter  Rothwell  Jackson,  of  Manchester,  was 
read  Ijy  ..Mi\  ^  Fothergill : — 

•    -     :  •••  •./ 
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OX  A  HYDRAULIC  STARTING  APPARATUS. 

Various  coDtiiTancea  for  connecting  heavy  machinery  with  and 
disengaging  the  same  firom  the  prime  mover,  without  producing  those 
sadden  shocks  which  the  use  of  ordinary  clutch-boxes  occasions,  to  the 
serious  injury  of  both  the  article  under  operation  and  the  machinery 
itself,  hare  of  late  years  been  made  the  subjects  of  much  enquiry.  The 
principal  ones  in  use  are  those  invented  by  Mr.  John  George  Bodmer, 
and  introduced  in  various  bleach-works  in  the  neighbourhood  of 
^lanchester,  where  they  are  used  in  connection  with  the  heavy  mangles 
and  callenders  to  great  advantage.  Mangles  and  callenders  requiring 
from  30  to  40  horse  power  are,  by  this  apparatus,  connected  with  and 
disengaged  from  the  engine,  without  stopping  the  same,  and  without  any 
perceptible  shock  or  noise  being  produced. 

Iklr.  Bodmer  effects  his  object  by  means  of  levers  and  knee-joints 
acting  upon  a  series  of  segments  lined  with  copper,  which  are  brought 
into  or  out  of  contact  with  the  internal  or  external  surface  of  the  rim  of 
the  driving  wheel,  thereby  connecting  the  machine  with  or  disengaging 
it  from  the  driving  shaft. 

Now  the  author  of  this  paper  has  thought  that  in  many  cases  water, 
Btcam,  or  gas  could  be  more  easily  and  advantageously  applied  to  force 
the  segments  against  the  rim;  and  he  is  about,  with  reference  to  the 
accompanying  drawing,  to  explain  a  starting  apparatus,  in  which  water 
is  employed  as  the  medium  of  conveying  the  power  to  press  the  segments 
against  the  rim  of  the  driving  wheel. 

The  bcvd  pinion  1,  Fig.  1,  is  supposed  to  be  connected  with  the 
engine,  or  other  prime  mover,  and  gears  into  the  bevel  wheel  2,  to  which 
is  cast  a  rim  3  which  is  turned  internally.  The  wheel  2  turns  loose  upon 
iht  shafi  4,  being  lined  with  a  brass  bush  5 ;  the  shaft  4  however  is 
provided  with  the  four  projections  6,  through  each  of  which  a  hole  is 
liond,  the  centre  lines  of  these  holes  lying  in  one  horizontal  plane,  and 
neeting  in  one  common  central  chamber  7.  Into  these  holes  the  four 
nuns  8,  which  are  respectively  cast  of  one  piece  with  the  blocks  9,  are 
fitted ;  the  blocks  9  being  lined  with  copper,  and  turned  so  as  to  fit  the 
internal  surface  of  the  rim  3.  Supposing  now  that  the  machinery  which 
is  assumed  to  be  connected  with  the  shaft  4  required  to  be  started, 
hydraulic  pressure  is  applied  to  the  rams  8,  by  pressing  the  ram  10  down 
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upon  the  column  of  water  10*  within  the  shaft  4  and  the  chamber  7,  by 
means  of  the  flywheel  11  with  its  nut  12,  and  the  screw  13,  which  forms 
one  piece  with  the  ram  10;  the  ram  10,  nut  12,  and  screw  13  being 
guided  and  supported  by  the  brass  box  14,  which  is  screwed  into  the 
upper  end  of  the  shaft  4.  It  is  evident  that  on  the  ram  10  being  thus 
pressed  down,  the  rams  8  will  gradually  and  simultaneously  press  the 
segments  9  against  the  internal  surface  of  the  rim  3,  with  a  power 
proportionate  to  the  force  applied  at  the  circumference  of  the  flywheel  11, 
until  the  friction  produced  by  such  pressure  shall  be  equal  to  the  resistance 
of  the  machine  to  be  set  in  motion.  The  machine  will  therefore  gradually 
assume  the  velocity  which,  according  to  the  speed  of  the  driving  shaft,  it 
ought  to  have;  at  the  same  time  that  any  extraordinary  momentary 
resistance,  such  as  might  be  supposed  to  occur  occasionally  in  rolling 
mills,  or  other  machinery  of  a  similar  nature,  instead  of  causing  the 
wheels  to  break,  will  have  a  tendency  to  make  the  rim  3  to  slip  on  the 
segments  9  until  the  obstacle  be  removed  or  overcome. 

In  order  however  that  too  great  a  pressure  may  not  be  applied  to  the 
rams  8,  the  ram  10  and  screw  13  are  perforated  with  a  small  opening  14*, 
the  extremity  of  which  is  closed  by  a  valve  15,  acted  upon  by  a  spiral 
spring  16,  encased  in  the  brass  box  17,  which  b  screwed  to  the  top  part 
of  the  screw  13 ;  so  that  if  at  any  time  the  pressure  exerted  upon  th(^ 
rams  8  should  exceed  that  to  which  the  spring  16  is  regulated,  the  water 
would  lift  the  valve  15,  and  escape  through  it  into  the  box  17,  and 
through  an  opening  in  the  lid  of  the  latter  into  the  atmosphere,  until  the 
balance  of  the  pressure  was  again  established. 

On  the  segments  9  requiring  to  be  brought  out  of  contact  with  the 
internal  surface  of  the  rim  8,  it  is  only  necessary  to  hold  fast  the  flywheel  1 1  ^ 
inasmuch  as  the  screw  13  has  a  right  or  left  thread  cut  upon  it  according 
as  the  shaft  4  turns  either  to  the  left  or  the  right,  and  the  rams  are 
therefore  immediately  relieved,  whereupon  the  machine  stops. 

It  may  be  observed  that  the  vacuum  which  is  created  in  the  column  10*, 
by  the  withdrawal  of  the  ram  10,  will  in  most  cases  be  sufficient  to  cause 
the  segments  9  to  recede  from  the  surface  of  the  rim  8 ;  otherwise  that 
effect  might  be  produced  by  the  application  of  springs,  or  an  elastic  hoop. 

The  rams  8  and  10  are  made  good  with  press  leathers  in  the  ordinary 
way  of  hydraulic  presses. 
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The  paper  was  accompanied  by  a  lai^  drawing. 

lo  answer  to  a  question,  Mr.  Jackson  stated  that  he  had  had  the 
appuBtus  at  work  for  two  or  three  months,  and  it  had  acted  very  well, 
and  he  thoaght  that  by  it  be  had  saved  some  horse  power. 

The  President  : — I  think  it  is  very  ingenious,  and  calculated  to  be 
useful. 

Mr.  McCoNNELL: — I  observe  that  the  regulation  of  the  pressure 
apon  the  segments  is  provided  for  by  an  escape  valve  at  the  top.  It  is  in 
fitd  a  safety  valve  for  preventing  a  greater  pressure  of  water  upon  the 
rams.  What  I  want  to  ascertain  is,  whether  you  can  by  any  means  so 
tletennine  the  pressure,  that  you  can  vary  it  according  to  the  necessity  of 
the  ease. 

Mr.  Jackson  : — ^You  have  only  to  screw  the  box  down  tighter. 

Mr.  McCoNNELL : — ^Yes,  but  you  may  screw  it  down  so  tight  as  to 
snap  the  teeth. 

Mr.  FoTHERGiLL : — ^Therc  is  a  spring  at  the  top. 

Mr.  McCoNNELL  ; — That  is  what  you  may  call  a  safety  valve. 

Mr.  Jackson  : — ^Yes,  and  it  will  act  the  moment  the  pressure  becomes 
too  great. 

Mr.  McCoxNELL : — ^But  supposing  it  do  not  act  (I  am  looking  for- 
vani  to  that),  in  such  a  case  you  would  be  worse  off  than  before,  for 
tnming  to  a  self-acting  principle. 

Mr.  Jackson  : — ^By  pressure  upon  the  wheel  the  man  can  tell  entirely 
^y  ihc  fed. 

Mr.  McCoNNELL : — I  think  it  is  a  clever  thing  altogether. 

Mr.  FoTHERGiLL : — Mr.  Jackson  has  arranged  it  in  a  similar  manner, 
H  regards  the  pressure  of  the  safety  valves  in  locomotives,  where  the  spiral 
spring  is  introduced.  There  is  a  certain  spring,  and  a  certain  amount  of 
resistance  is  necessary  to  allow  the  water  to  escape.  If  the  person  screws 
it  beyond  a  given  pressure,  then  this  valve  opens. 

The  President  : — And  lets  the  water  out  ? 

Mr.  FoTHERGiLL : — ^Tcs  ;  therefore  it  is  self-acting  from  beginning  to 
cod.    It  is  very  ingenious,  and  highly  valuable. 

Mr.  Crampton  : — In  case  any  grease  should  get  in,  I  think  you 
V(juld  require  a  regulator. 

Mr.  FoTHERGiLL: — A  greater  amount  of  power  would  then  be 
rtf|Qired  to  be  transmitted,  in  order  to  turn  the  rollers  of  the  rolling  mill ; 


Digitized  by  VjOOQ IC 


16 


HYDRAULIC   STARTING   APPARATUS. 


April,  ISIB 


but  then  there  is  a  regulation  to  the  pressure,  for  it  discharges  itself  whei 
it  exceeds  a  certain  force. 

Mr.  Crampton  : — May  I  ask  what  the  objection  is  to  the  cones  ? 

Mr.  Slate  : — They  get  oval,  and  consequently  jam  themselves. 

Mr.  McCoNNELL : — They  begin  to  twist  round,  and  get  unequal  it 
the  surface,  and  only  bear  upon  the  point. 

Mr.  FoTHERGiLL  : — There  is  a  great  deal  of  lateral  action  where  ther 
is  a  cone. 

Mr.  Buckle  : — ^There  is  considerable  lateral  action,  and  the  pressur 
is  directed  endways  ;  besides  there  is  a  danger  of  sticking. 

Mr.  Slate  : — I  have  seen  a  cone  stick  several  times  a  day,  and  m 
ingenuity  could  avert  it.  The  remedy  was  to  put  in  a  little  oil,  afle 
which  it  would  go  on,  but  only  for  a  day  or  two. 

Mr.  CowPER  said  he  had  had  the  conical  clutches  in  use  many  years 
and  if  the  angle  be  made  just  below  the  angle  of  friction,  the  pressure  i 
moderate,  and  the  cones  do  not  stick. 

Mr.  Slate: — ^You  will  always  find  it  more  or  less  difficult  to  define  th 
angle  of  friction.  The  size  of  the  cone  I  spoke  of  was  fourteen  inches  a 
the  top  ;  I  do  not  exactly  recollect  the  taper,  but  it  could  easily  be  throw 
out ;  it  would  break  cast  iron  spindles  of  two  or  three  inches  diameter. 

Mr.  Crampton  : — I  was  yesterday  in  a  large  dredging  boat,  wher 
the  cone  had  been  put  in  by  Mr.  Humphrys  of  London,  one  of  the  counc 
of  our  Institution ;  the  cone  was  four  feet  in  diameter,  but  the  pi-incipl 
had  been  altered,  and  it  answered  beautifully.  Mr.  Humphrys  had  mad 
one  before,  but  had  not  got  the  correct  angle  of  friction,  and  he  had  put  thi 
one  in,  which  he  conceived  to  be  right,  and  when  I  saw  it  it  was  going  oi 
well.     Mr.  Humphrys  has  a  scheme  for  taking  oflP  the  end  pressure. 

Mr.  CowPER  : — I  can  appreciate  that.  The  first  cone  I  made  was  nc 
a  coiTCct  angle,  and  it  stuck  fast ;  it  was  1  in  13  ;  I  have  since  made  ther 
1  in  6  and  6 J  and  6f,  and  they  work  very  well,  but  they  must  have  soiu 
end  pressure. 

Mr.  McCoNNELL : — There  is  no  way  of  taking  off  the  end  pressui 
without  putting  on  a  side  pressure,  in  order  to  get  the  requisite  gri 
to  turn  the  shaft,  and  that  I  conceive  is  the  point  where  great  advai 
tage  will  be  gained  by  Mr.  Jackson's  mode ;  that  he,  vnthout  any  prcr 
sure  at  all,  by  this  expanding  mandril  (if  we  may  so  term  it),  «uits  tli 
inner  cylinder  to  the  surface,  or  rather  the  inner  cone  to   the   surfac( 


Digitized  by  VjOOQ IC 


i|rl,l^tS.  HYDB.A.TJLIC   STARTING   APPARATUS.  17 

ud  tbe  only  point  not  clear  to  me  was   the   safety    valve ;   if  it   acts 
tike  the  one  described,  and  gives  way  just  before  the  point  of  breakage, 
t\kea  we  have  every  thing  we  desire.     There  is  great  objection  to  the 
QT^ary  cone,  take  what  angle  you  will.     If  a  piece  of  grit  or  too  much 
oil  gtt  in,  you  are  sure  to  have  an  accident. 
•       Mr.  Jackson  : — I  have  never  seen  a  cone  which  would  drive  anything 
Hke  the  power  that  this  is  calculated  for.     The  rollers  were  3  to  8^  horse 
power,  and  1  have  never  seen  a  cone  which  would  turn  3  horse  power. 
Mr.  Crampton  : — The  one  I  refer  to  was  about  35  horse  power. 
Mr.  Jackson: — Another  objection  to  the  cone  is  that  the  surface 
doe^Qot  wear  equal. 

Mr.  CowpBR : — The  cone  I  speak  of  did  wear  equal. 
Mr.  McCoNNELL : — I  think  we  are  much  indebted  to  Mr.  Jackson 
for  the  introduction  of  this  apparatus ;  it  is  very  ingenious,  and  I  think 
it  possesses  many  advantages ;  I  think  that  he  is  entitled  to  the  thanks 
of  the  Institution.  There  can  be  no  two  opinions  as  to  his  plan  being 
quite  superior  to  the  ordinary  cone ;  and  I  beg  to  move  "  that  the  thanks 
of  the  meeting  be  given  to  Mr.  Jackson  for  introducing  the  subject  to  our 
notice.*'  The  motion  was  seconded  by  Mr.  Cow  per  and  carried  unani- 
mooshr. 

Mr.  FoTHERGiLL : — I  think  a  communication  of  this  kind  ought  to 
be  made  known  to  those  of  our  members  who  have  not  had  an  opportunity 
of  attending  this  meeting.  I  beg  leave  therefore  to  move  "  that  Mr. 
Jackson's  paper  and  accompanying  drawing  be  printed  and  circulated 
amongst  the  members."  The  motion  having  been  seconded  was  unani- 
Bonslv  carried. 


The  President  then  called  upon  Mr.  Buckle  to  read  a  paper  by 
Mr.  Edwin  Chesshire,  of  Birmingham. 

Mr.  Buckle  : — I  beg  to  claim  a  little  of  your  attention  while  I 
rodesrour  to  describe  what  appeal's  to  me  to  be  a  very  useful  appeiulagt; 
to  a  railway  train.  I  am  of  opinion  that  this  apparatus,  accompanied  by 
tie  spiral  break  of  our  worthy  President,  will  do  all  that  can  be  done  in 
aiming  the  serious  calamities  attending  the  casualties  on  railways.  The 
fdbwing  b  Mr.  Chesshire's  paper : — 

c 
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ON  CHESSHIRE'S  SAFETY  BUFFER. 

e  object  of  tiiis  invention  is  to  lessen  the  injurious  eflfects  of  coUi- 
m  railways,  bolh  to  the  passengers  and  tbe  carriages  of  the  train, 
ain  this,  it  is  proposed  to  place  in  the  rear  of  each  train  a  strong 
hich  may  be  made  applicable  if  thought  desirable  for  the  conveyance 
2:age  or  goods.     In  the  front  of  the  train  the  tender  is  proposed  to 

the  same  purpose  as  the  van  behind ;  the  centre  of  gravity  of  each 
learer  the  level  of  the  rails  than  that  of  the  other  carriages, 
ich  carriage  is  to  be  supplied  with  a  strong  moveable  rod  of  iron, 
a  tube  or  a  solid,  supported  in  the  centre  of  the  under  framework 
ring  sockets.  The  rod  is  intended  to  have  simply  an  endway 
I.  Each  safety  buffer  is  to  have  a  head  at  each  end  similar  to  the 
t  side  buffers,  but  the  heads  of  the  safety  buffers  are  not  intended  to 
linst  each  other  except  in  cases  of  collision.  When  the  carriages  are 
d  up  into  their  ordinary  travelling  state,  there  will  still  be  a  space 
sn  the  safety  buffers  of  some  few  inches,  to  permit  the  usual  actiou 
side  buffers,  without  acting  at  the  same  time  upon  the  safety  buffer, 
the  van  in  the  rear,  and  the  tender  in  the  front,  the  safety  buffer 
5  fixed  so  that  in  either  case  it  cannot  have  an  endway  motion 
•  than  being  fixed  against  strong  elliptical  springs  will  permit  of, 
I  springs  are  thought  desirable, 
will  be  perceived  that,  in  case  of  a  collision,  the  moment  the  side 

have  been  driven  home  to  the  extent  of  the  interval  between  the 
buffers,  the  force  of  the  collision  will  be  instantly  imparted  to  them, 
B  conveyed  by  that  means  from  buffer  to  buffer  to  the  further 
ity  of  the  train,  either  to  the  van  in  the  rear  or  the  tender  in  the 
[iccording  as  the  collision  may  happen  to  occur, 
e  safety  buffer  would,  it  is  fully  expected,  have  also  the  effect 
venting  the  carriages  from  riding  one  on  the  top  of  the  other,  which 
e  case  in  the  Wolverton,  the  Nottingham,  and  other  collisions,  and 
ise  of  80  much  destniction. 


ter  the  paper  had  been  read,  a  series  of  experiments  were  made  on 
2l  railway  erected  at  the  back  of  the  theatre.  A  train  of  carriages 
he  safety  buffers  was  started  from  one  end  of  the  line,  and  another 
t  them  was  set  in  motion  from  the  opposite  end.    A  collision  took  place 

Digitized  by  VjOOQ IC 


AfrUSa.  SAFETY   BUFPEB.  19 

in  the  ceotre  of  the  line,  and  the  carriages  to  which  the  safety  rods  were 
filed  remained  upon  the  rails,  with  the  exception  of  the  luggage  van 
behind,  while  those  without  the  rods  were  scattered  about  iu  all  directions. 
Tic  shock  was  received  by  the  van,  which,  as  Mr.  Buckle  stated,  was 
inlended  to  be  loaded  with  heavy  luggage. 

The  President  : — I  think  one  of  the  points  must  be  to  take  the 
mass  and  the  momentum,  to  see  what  the  velocity  is.  It  will  surprise 
some  of  you  who  have  not  paid  attention  to  these  matters  to  know  that, 
fcupposing  a  train  starts  with  sixty  waggons,  the  last  waggon  receives  the 
ETeau-st  shock  upon  starting.  The  question  is  therefore  whether,  without 
these  safety  buiFers,  the  last  carriage  does  not  get  the  shock.  The 
momentum  or  force  has  to  be  stopped  somewhere,  and  cannot  be  got  rid  of. 

Mr.  Buckle: — ^The  shock  is  conducted  to  the  last  carriage,  which 
i[r.  Chesshire  proposes  to  have  filled  with  luggage.  The  public  require 
that  some  experiments  should  be  made  with  the  view  to  avert  the  serious 
calamities  occurring  on  railways,  and  this  invention  should  at  least  be  put 
to  the  test. 

The  P&ESTDSNT: — ^The  momentum  must  be  taken  up  by  some- 
thing, and  what  is  that  something  to  be?  Yon  may  try  any  scheme, 
hot  you  cannot  prevent  the  momentum  of  the  matter  coming  upon  the 
eogine  in  the  event  of  a  backward  shock. 

Mr.  McCoNNELL: — I  am  afraid  there  are  practical  objections  to 
Vhis  invention,  which  would  render  it  difficult  to  get  the  shock  trans- 
mitted throughout  the  train.  We  know  the  difficulty  there  is  to  get  the 
or.tinaiy  hufTers  all  ranged  horizontally  on  a  line  with  each  other.  Now 
if  this  ri^d  bar  b  not  transversely  and  horizontally  in  a  line,  I  imagine 
it  would  not  have  the  effect  of  transmitting  the  shock  in  tlie  manner 
i3t«*nded  by  Mr.  Chesshire,  and  it  would  be  liable  to  bend ;  so  that,  in 
order  lo  have  this  scheme  to  act  perfectly  (supposing  the  principle  to  be 
n'u'ht),  it  would  be  necessary  that  the  Ciirriages  should  be  all  of  one 
.i-  i^ht,  and  they  nmst  be  in  a  straight  line  when  the  blow  reaches  them 
to  be  of  any  effect.  On  a  curve  the  tendency  would  be  to  throw  off  the 
iiii'Mie  of  the  train,  and  not  the  end  carriage  at  all,  as  forces  go  in  a 
fiRiighl  line.  No  doubt  the  last  carriage  receives  the  shock,  and  the 
centre  cirriages  escape  comparatively  unscathed ;  but  there  are  so  many 
prai-ti«il  difficnlties  connected  with  carrying  the  plan  into  operation, 
tbl,  Io*)ling  at  tlic  number  of  cases  in  which  it  might  be  useful,  and 
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those  in  which  it  would  not  act  as  it  is  intended,  it  appears  to  me  very 
problematical  whether  it  ought  to  be  brought  into  use. 

Mr.  Fenton  : — A  curve  is  the  place  where  the  principle  would  not 
act,  and  I  believe  that  that  is  the  most  likely  part  of  a  railway  to  meet 
with  collisions. 

Mr.  Chesshire  : — ^That  collisions  occur  most  frequently  on  curves 
I  believe  is  an  error.  I  have  been  in  conversation  with  an  eminent  engineer, 
who  stated  that  the  very  place  where  he  would  anticipate  a  collision 
was  the  very  place  where  it  did  not  occur.  They  rarely  happened  on 
curves,  because  there  the  driver  was  more  particularly  on  the  look  out. 

Mr.  Joseph  Wright  : — An  objection  which  I  see  to  Mr.  Chesshire's 
scheme  is,  that  all  the  carriages  must  be  constructed  upon  the  same 
principle;  for  if  any  one  has  not  that  apparatus,  it  becomes  inefficient, 
the  connection  having  been  broken. 

The  President: — Yes,  there  are  now  many  thousands  of  carriages 
at  work,  and  it  would  be  a  serious  matter  to  alter  them  all. 

Mr.  Wright  : — Besides,  I  do  not  see  a  proper  mode  of  connecting 
the  carriages.  It  is  necessary  that  the  ease  of  the  carriages  should 
be  consulted,  as  well  as  the  safety ;  and  therefore  that  the  carriages 
should  be  screwed  up  tight;  and  I  think  the  means  of  connection  is 
destroyed  by  the  longitudinal  rods.  With  them  you  cannot  apply  the 
screw  in  the  same  way  as  at  present.  But  suppose  the  collision  take 
place  upon  an  incline,  and  the  last  carriage  is  thrown  back,  as  proposed, 
where  will  it  go  to  ? 

A  Mkmbeu  : — To  make  another  collision. 

Mr.  WuKiHT: — Yes,  most  likely  it  will ;  I  do  not  think  the  plan  is 
BufTicinitly  matured  at  present  to  be  brought  into  practice ;  or  rather,  I 
may  »ay,  it  is  too  \i\\g  to  bring  it  into  practice,  because  there  are  so  many 
th()HHmi(N  of  carriages  now  in  use,  that  the  alterations  would  involve 
an  rxprn«c3  wliich  no  company  would  incur;  and  in  cases  of  lines  running 
inlo  TMcli  nllnr,  Huch  as  the  London  and  North  Western,  where  there 
nri'  nitic'  (liUcirut  lines  intermixed,  the  plan  would  be  impracticable. 

'I  lni  TiiKsiDKNT: — I  think  there  would  be  great  difficulty  in 
l)rin;<infx  llic  invention  into  use  on  old  railways. 

Mr.  HucKLK: — Have  you  ascertained  the  cost  of  fitting  up  the 
apparatus  ? 

Mr.  Chesshire  : — It  would  be  about  €6  or  £7  per  carriage. 
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Mr.  Wright: — Then  there  are  between  sixteen  and  seventeen 
UwQsand  carriages  in  operation  on  the  London  and  North  Western, 
and  if  you  multiply  that  by  seven  or  eight  you  will  find  that  the  great 
cost  raises  an  objection  wkich  it  will  be  difficult  to  get  over,  particularly 
at  the  present  time,  when  the  companies  have  no  money  to  spare. 

ifr.  Mc  Con  NELL: — I  think  public  safety  is  the  first  consideration; 
and  a  httle  expense  ought  to  be  borne,  provided  it  is  to   obtain   that 
of>ject;  but  the  objection  which  Mr.  W' right  has  stated   would   operate 
very  strongly   against  the   adoption  of    the    plan  before   the   meeting, 
unk'«s  there  was  some  government  enactment,   binding   every   company 
to  adopt  it.     W'e  ought   however   to  look  at  it  as  a  question  of  prin- 
ciple-   It   is  the  duty   of  those   who   are  entrusted  with  the  practical 
working  of  railways,  to  point  out,  as  far  as  experience  guides  them,  the 
diiliculties  that  would  be   met  in  carrying  any  scheme  into  operation; 
and  it  is  very  clear  that  in  adopting  this  buffing  apparatus  it  would 
be  necessary    to   alter    the    mode    of   connecting    the    carriages,    and 
that  must   not  be  done  so  that  when  you  come  to  adopt  it  you  may 
find,   that   although  you    have    a    problematical    advantage    one    way, 
you  have  a  decided    disadvantage   the   other;   and   if  the   rods   prove 
to    be  too  light,   and  bend    or    swerve,   I    can    easily    imagine    that 
the  consequence  would  be  the  total  destruction   of  every  passenger  in 
the  carriage  where  the  rod  broke.     I  believe  that  every  one  would  be 
smashed  to  atoms ;  because  into  that  particular  carriage  would  be  landed 
the  eflfect  that  was  intended  for  the  last  carriage.    Supposing  also  a  collision 
to  take  pkce  in   the  usual  way,  the  present  buffers  would  receive  the 
shock  in  different  proportions. 

Mr.  Wright: — The  amount  of  force  is  expended  before  all  the 
buffers  are  brought  into  action.  There  used  to  be  a  stationary  buffer  at 
Euston  station,  and  on  a  recent  occasion  a  train  went  too  far,  and  ran 
into  it.  The  check  was  received  by  the  first  carriage,  and  by  the  time 
the  shock  reached  the  last,  its  power  had  been  so  expended  that  the 
passengers  in  it  knew  nothing  of  the  collision. 

The  President  : — I  was  once  on  a  train  where  two  men  were  killed  by 
a  collision,  and  in  the  fourth  and  fifth  carriages  the  shock  was  not  felt  in 
the  least. 

Mr.  Chesshire  :— I  think  the  safety  of  the  public  positively  demands 
tliat  something  of  the  kind  I  propose  should  be  brought  into  practice. 
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interview  at  the  Board  of  Trade  with  Lord  Clai*endon  and  General 
nd  submitted  my  model  to  them,  of  which  they  approved.  I  am 
sfied  that  if  this  Institution  were  to  recommend  my  improvement, 
Iway  company  in  the  kingdom  would  take  it  up.  As  to  the 
of  its  interfering  with  the  couplings  now  in  use,  I  would  say,  why 
Lirselves  to  these  particular  couplings  ?  I  am  confident  better  ones 
introduced. 

VIcCoNNELL  : — Mr.  Chcsshire  should  not  lose  sight  of  this,  that 
comes  up,  and  it  is  proposed  to  transmit  its  force  backwards 
;hese  buffers,  it  has  nevertheless  the  momentum  of  all  the  other 
coming  up  to  it.  It  would  transmit  its  force  through  the  rod  to 
aniage,  which,  naturally  enough,  would  break  its  couplings  and  fly 
it  still  there  is  the  whole  momentum  of  the  train  at  30  miles  an 
ling  up  against  the  engine,  which  you  would  stop  so  suddenly. 
Peacock  : — Supposing  a  train  of  carriages  to  run  against  a  dead 
I  stationary  buffer,  at  the  rate  of  six  or  eight  miles  an  hour,  the 
age  of  course  stops  momentaiily,  the  second  carnage  receives  a  less 
if  shock,  the  third  still  less,  and  so  on,  till  towards  the  end  of  the 
ecomes  insensible.      That  is  the  effect  of  our  present  system  of 

The  only  difference  between  them  and  Mr.  Chesshire's  is  this ; 

method  would  communicate  the  shock  to  the  first  and  last 
•s  at  the  same  time,  instead  of  distributing  it  gi-adually,  so  that 
1  lose  the  advantage  afforded  by  the  present  system. 
JowPER  supported  the  view  taken  by  Mr.  Peacock.  The  invention, 
imounted  only  to  stiffening  the  under  frame  of  the  carriages. 
IJhesshire  reminded  the  meeting  that  he  did  not  contemplate 
g  in  the  least  with  the  side  buffers.  His  plan  would  admit  of  the 
jrs  of  all  the  other  carriages  acting,  because  the  shock  would  be  so 
eons  that  the  last  carriage  would  be  disconnected  before  the  others 
x)ntact. 

^OTHERGiLL : — The  buffers  would  not,  I  think,  be  of  any  use 
se  rods,  because  they  would  not  come  in  contact  before  the  force 
nded  throughout  the  whole  of  the  train,  and  you  ought  to  fix  upon 
istance  for  the  buffer  to  work  in  satisfactorily. 
[{.AMSBOTTOM  : — With   the   present   system,   if  the   buffers   are 

to  have  a  range  of  12  inches,  we  do  not  get  a  dead  shock  ;  the 
age  will  have  to  move  through  a  space  of  two  feet  before  its  motion 
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B  iirested  •,  the  next  carringe  will  have  four,  the  next  six,  and  so  on  ;  and 

wean  easfly  suppose  the  continued  action  of  the  whole  of  the  buffers  to  be 

equirakni  to  putting  on  a  break  for  two  or  three  hun(h-ed  yards.     But  if 

we  look  at  the  action  of  tbe  safety  rods,  it  is  clear  that  the  shock  must  be 

conducted  simultaneously   to  the  whole  of  the  carriages  at  one  time,  and 

tbe  vhole  velocity  of  tlie  carriages  resisted  in  the  space  of  one  foot ;  making 

the  shock  much  more  severe  in  proportion,  if  the  ordinary  buflfers  are  not 

intended  to  go  borne  till  the  rods  come  into  play. 

The  President  : — ^You  do  not  stop  a  bit  of  the  momentum,  but  only 
carry  it  to  the  end  of  tbe  train. 

Mi.  Chesshire  : — It  is  transferred  to  the  van,  and  there  it  is  expended. 
Mr.  M^cConnell  : — I  think  Mr.  Chesshire  had  better  let  this  matter 
now  be  ended  here.  We  seem  not  to  agree  upon  the  subject,  and  I  would 
reoommend  him  to  have  a  conversation  upon  the  matter  privately  with  tlie 
Coimcil.  They  may  perhaps  be  able  to  convince  him  that  there  are 
ohjections  to  his  plan  which  he  does  not  see  at  present. 

Mr.  C&AUPTON  : — I  have  been  endeavouring  to  make  myself  acquainted 
»ith  the  invention,  and  though  I  confess  I  do  not  feel  very  clear  about  it, 
yet  the  result  of  the  experiment  which  we  have  witnessed  occurs  to  me,  and 
I  really  think  there  is  something  in  it.  I  think  it  is  worth  our  attention, 
ud  we  ought  to  look  at  the  thing  in  a  scientific  point  of  view,  in  order  to 
learn  whether  it  is  right  in  principle ;  because  if  it  is,  the  difficulties  made 
by  Mr.  Wright  ought  not  to  stand  iu  the  way. 

The  President  :— I  want  to  get  something  to  take  up  the  momentum, 
and  Mr.  Chesshire  has  not  managed  to  do  that. 

Mr-  Rams  BOTTOM  : — ^The  shock  cannot  be  received  fairly  if  it  is 
iweivcd  either  above  or  below.  There  will  be  a  tendency  to  throw  the 
tnin  off  the  line.  If  the  shock  is  distributed  over  a  great  space  of  matter 
gndoally,  it  is  divided,  and  the  less  severe  will  it  be  to  the  passengers. 

Mr.  Cjiesshire  thanked  the  meeting  for  the  very  patient  attention 
they  had  paid  to  the  subject ;  but  he  was  still  of  opinion  that,  by  the 
pbn  he  proposed,  the  first  and  great  shock  must  be  conveyed  through 
tbe  safety  buffers  to  the  van  behind  the  train,  leaving  the  carnages 
uninjured. 


Mr.  Fothergill  then  read  the  following  statement  of  facts  relative 
to  Banks*  Patent  Steel  Tyres,  for  steeling  the  tyres  of  railway  wheels  : — 
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BANKS'  STEEL  TYRES. 

ter  an  experience  of  five  years,  it  is  ascertained  that  the  cost  and 
lity  of  Staffordshire  tyres  steeled  on  this  plan,  as  compared  with  the 
loor  tyres,  is : — 

Low  Moor  (Yorkshire) ;  three  feet  Wheels. 

ur  tyres  of  3  cwt.  each  =  12  cwt.  at  22* 

tting  on  the  tyres  ready  for  work        

rice  taming  up,  after  wearing  hollow 


£13 

4 

0 

8 

0 

0 

1 

0 

0 

£22 

4 

0 

se  these  tyres  to  nin  50,000  miles  on  an  average,  it  would  give 
)  miles  at  a  cost  of  £22  4». 

Staffordshire  ;  three  feet  Wheels. 

ur  tyres  of  3  cwt.  each  =  12  cwt.  at  12* 

itting  on  the  tyres  ready   for  work         

eel  for  steeling  one  set,  li  cwt.  at  42* 

ages,  turning  grooves  in  wheels      

Do.    inserting  the  steel         

Do.    turning  up  after  steeling       

Do.    drilling  and  ri vetting  


£7     4 

0 

8     0 

0 

3     3 

0 

0  10 

0 

0  10 

0 

0  10 

0 

0     7 

6 

£20    4     6 


tyres  are  proved  to  run  18,000  miles  before  steeling,  and 
10  after  steeling;  making  a  total  of  118,000  miles  at  a  cost  of 
J.  6f/. 

e  50,000  deducted  from  118,000  leaves  68,000  miles  in  favour  of 
iffordshire  tyres,  besides  a  saving  in  cost  of  39*.  ^d.  per  set ;  the 

the  Low  Moor  tyres  being  8«.  10J</.  per  1000  miles,  whereas 
'  the  Staffordshire  is  only  3«.  ^\d.  The  tyres  are  not  of  course 
>ut  alike  on  all  railways ;  but  on  those  lines  where  the  iron  tyres 
iin  more  than  is  here  stated,  the  steel  tyres  will  run  more  in 
tion,  and  the  plan  is  attended  with  no  danger  whatever, 
is  statement  shows  only  the  advantage  of  steeling  the  tjTes  once  ; 
any  have  been  steeled  a  second  time,  after  having  run  the  above 
ned  distance.  The  cost  of  the  second  steeling  is  £5  per  set,  for 
they  will  run  100,000  additional  miles ;  making  a  total  of  218,000 
at  a  cost  of  £25  4«.  6^.,  or  2«.  4fi?.  per  1000  miles. 
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The  general  objectioa  made  is  tliat  there  will  be  much  trouble  in 
carrying  out  the  plaa;  but  such  is  not  the  case.  When  the  wheels 
require  turning  up,  they  must  be  taken  from  under  the  carriage  or  wagon  ; 
and  when  so  taken,  tlie  cutting  of  the  grooves  in  the  tyres  for  the  steel 
wifl  not  cost  more  t\\au  hs.  Od.  per  pair  in  wages.  When  the  grooves 
are  tnmed,  one  smitli  and  three  strikers  will  insert  steel  segments  into 
ten  pain  of  three  feet  wheels,  in  one  day  of  ten  hours ;  after  which,  turning 
up  tk  steeled  wheels  will  take  very  little  more  time  than  turning  up 
witbout  steeling ;  which  proves  that  the  trouble  will  not  be  so  great  as 
la  imagined,  and  nothing,  when  the  durability  and  saving  which  is 
effected  by  the  tyres  being  steeled  on  this  plan  is  considered. 


Tlie  statement   was  accompanied  by  a  recommendatory  letter  from 

Mr.  Jenkins,  locomotive  superintendent  of  the  Lancashire  and  Yorkshire 

Bailway,  dated  2Sth    January  last.     It  stated   that  these  patent   steel 

a^meots  bad  been  inserted  in  the  wheel  tyres  of  the  engine  "  Oldham," 

and  that  she  had  run  58,866  miles  with  them  when  the  crank  axle  broke ; 

the  wheels  were  then  taken  off,  and  not  again  used  until  they  were  put 

to  the  engine  "Queen,"  on  12th  November,  1846.     From  that  time  to 

3l8t  December,  1847,  they  ran  29,482  miles,  making  a  total  of  88,348 

mites;  and  should  no  accident  occur,  Mr.  Jenkins  is  of  opinion  that  they 

^  run  40,000  or  50,000  miles  more.     He  believes  that  there  is  a  great 

afing  of  expense  in  using  them. 

The  President  said  he  supposed  it  was  generally  known  that  these 
tyres  did  wear  well.  Some  of  them  were  liable  to  a  great  loss,  but 
on  the  whole  he  thought  they  made  a  good  wheel. 

Mr.  McCoNNBLL  thought  they  required  to  have  a  strong  tyre  in 
the  first  instance,  in  order  to  have  sufficient  body  to  prevent  the  widen- 
"Jg  of  the  grooves  in  which  the  steel  is  inserted,  and  that  they  also 
required  to  be  put  in  very  carefully. 

Mr.  Peacock  said  he  had  tried  a  great  number  of  them,  especially 
upon  tenders :  indeed  he  had  some  which  worked  five  feet  wheels,  and 
tbey  answered  very  well.  The  principal  trials  however  had  been  on 
Unders,  3  feet  6  inch  wheels,  on  ^the  Manchester  and  Sheffield  Railway, 
^  gradients  of  which  were  very  heavy,  and  he  found  that  on  an  average 
«ey  were  obliged  to  change  the  tender  wheels  about  once  in  four  months. 
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nrhich  were  tried  with  Banks'  mode  of  steeling  ran  twelve 
This  proved  that  they  were  a  great  saving,  for  tenders  especially, 
had  some  wliich  ran  nearly  30,000  miles  under  an  engine, 
orked  veiy  well. 

cCoNNELL  believed  there  was  economy  in  them,  and  where 
a  great  deal  of  breaking  in  the  wheels,  and  skidding,  the 
1  stand  much  better.  But  he  would  really  prefer  a  good 
tyre.  One  of  the  segments  falling  out  might  neutralize  a  great 
good  effect. 

siBEB  said  he  had  seen  an  instance  of  a  segment  breaking  off, 
vras  no  bad  effect. 

LMSBOTTOM  Said  an  impression  had  gone  abroad,  that  Banks' 
dcd  to  make  a  bad  wheel  good ;  but  the  wheel  must  be  good 
Some  experiments  were  about  to  be  made  to  test  how  far 
nts  would  be  preferable  to  steel  in  this  respect,  as  the  same 
>n  could  be  made  closer  in  the  grain  and  more  durable.  At 
J  time,  if  thought  desirable,  he  would  be  prepared  to  lay  before 
bion  the  result  of  those  experiments. 


siuess  having  been  brought  to  a  conclusion,  the  President 
himself  well  pleased  with  that  evening's  discussions,  and  he 
the  next  meeting  would  prove  as  interesting.  Mr.  McConnell's 
ted  paper  "  On  the  Balancing  of  Wheels"  would  be  brought 
1  the  next  occasion  ;  and  also  one  from  himself  '*  On  the 
)f  the  Rotary  Engine."  That  engine  never  had  been  and 
I  be  used  to  advantage,  and  his  paper  would  show  the  reason, 
en  tried  in  Birmingham,  and  of  course  without  success, 
ought  to  know  the  reason  of  that.  Very  erroneous  notions 
the  subject  of  the  crank.  The  crank,  he  considered,  was 
beautiful  and  efficient  motion,  and  the  idea  that  power  was 
was  a  great  mistake.  It  was  in  vain  to  attempt  to  evade  the 
)f  mechanics, — a  pound  for  a  pound,  a  pound  of  weight  for  a 
power;  and  no  person  who  knew  the  law  would  think  of 
i.  At  the  next  meeting  he  would  endeavour  to  explain  the 
be  members,  and  to  make  them  understand  it,  although  many 
»f  the  Institution  no  doubt  understood  it  well. 
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At  the  suggestion  of  several  members,  it  was  agreed  to  alter  the  time 
of  meeting  from  five  p.ra.  to  four  p.m. 

Messrs.  Cowper  and  Pothergill^  as  a  Committee  of  the  Council, 
ofonbi  the  ballot  returns,  and  declared  the  following  gentlemen  elected 
Members  and  Honorary  Members  : — 


MEMBERS. 

Jahn  Ashbary,  Albion  Carriage  Works^  Manchester. 
ThfiBos  Aiister,  Messrs.  Anster  and  Smith,  Easy  Row,  Birmingham. 
Williasi  Bagnall,  Messrs.  Bagnall  and  Sons,  Gold's  HiU  Iron  Works,  Westbromwich. 
William  Baker,  Engineer  of  the  Shropshire  Union,  Shrewsbury  and  Birmingham,  and 
Birmlngbam  WoWerhampton  and  Stour  Valley  Bailways,  28  Waterloo  Street, 
Birmingham. 
Cliarles  De  Bergue,  Engineer,  9  Arthur  Street  West,  London  Bridge,  London. 
J.  0.  Butler.  Messrs.  Batler  and  Co.,  Kirkstall  Forge,  Leeds. 
Jan»  Cantairs,  Engineer,  Dewsbnry. 

Idwaid  Corry,  Messra.  Adams  and  Co.,  Fairfield  Works,  Bow,  London. 
J.  C.  Craren,  Locomotive  Superintendent  of  the  London  Brighton  and  South  Coast 

Railway,  Brighton. 
Robert  Crosland,  Union  Foundry,  Bradford. 
William  W.  Cntts,  Rockingham  Works,  Sheffield. 
Christopher  11.  Dawson,  Low  Moor  Iron  Works,  Bradford. 
Chazles  Denton,  Engineer,  Bromley  New  Town,  Bow  Common,  London. 
David  Elder,  Messrs.  Robert  Napier  and  Co.,  Engineers,  Glasgow. 
DoQ|^  Evans,  Engineer,  Warsaw. 

George  illen  Ercritt,  Kingston  Metal  Works,  Birmingham. 
BmjsBiiii  Gibbons,  Iron  Manufacturer,  Shut  End  House,  near  Dudley. 
Naihan  Googh,  Engineer,  Manchester. 
James  6ow,  Locomotive  Superintendent  of  the  Leeds  and  Thirsk  Railway,  Leeds. 

I  Grainger,  Engineer-in-chief  of  the  Leeds  and  Thirsk,  and  the  Leeds  Dewsbnry 
and  Manchester  Railways,  119  George  Street,  Edinburgh. 
I  Gny,  Steel  Manu&cturer,  Sheffield: 
C>i«riei  Green,  Patent  Brass  Tube  Works,  Leek  Street,  Birmingham. 
Waiitni  Hartree,  Messrs.  John  Pcnn  and  Co.,  Marine  Engine  Builders,  Greenwich. 
Mert  Hawthorn,   Messrs.   Hawthorn,  Locomotive  Engine  Works,  Forth  Banks, 

Newcastle-on-Tyne. 
^fiJwt  Hughes,  Superintending  Engineer  of  the  Steam  Department,  Admiralty,  London. 
Bichaid  William  Johnson,   Bromsgrove   Railway    Carriage  and  Wagon   Company* 

Bromsgrove. 
^ilhiin  Ji^mston,  Engineer  of  the  Glasgow  and  South  Western  Railway,  Glasgow. 
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m   Kinder,    BromBgrove    Railway    Carriage    and   Wagon    Company, 

'ove. 

nond,  Messrs.  Kinmonds  and  Co.,  Wallace  Foundry,  Dundee. 

light,  Messrs.  Knight  and  Cumming,  Waterside  Iron  Works,  Maidstone, 

,  Hope  Foundry,  Leeds. 

,  Messrs.  F.  Lewis  and  Sons,  Stanley  Street  Works,  Salford. 

aeill.  Engineer-in-chief  of  the  Principal  Irish  Railways,  28  Rutland 

London. 

Messrs.  John  Penn  and  Co.,  Greenwich. 

,  Railway  Carriage  Builder,  Birmingham. 

Locomotive  Department,  London  Brighton  and  South  Coast  Railway, 

1. 

isrs.  John  Peun  and  Co.,  Greenwich. 

on,  Messrs.  Fawcett  and  Preston,  Engineers,  Liverpool. 

,  Engineer,  Leeds. 

ts.  Locomotive  Superintendent  of  the  Waterford  and  Kilkenny  Railwaj-, 

•d. 

n,  Engineer-in-chief  of  the  Shrewsbury  and  Chester,  and  Shrewsbury 

eford  Railways,  Chester. 

,  Messrs.  Rowan  and  Co.,  Engineers,  Atlas  Works,  Glasgow. 

d,  Messrs.  Sandford  and  Owen,  Phcenix  Forge,  Rotherham. 

harp,  Messrs.  Sharp  Brothers,  Atlas  Works,  ^lanchester. 

Icssrs.  Sharp  Brothers,  Atlas  Works,  Manchester. 

lir,  Messrs.  Adams  and  Co.,  Fairfield  Works,  Bow,  Loudon. 

Smith,  Messrs.  Auster  and  Smith,  Easy  Row,  Birmingham. 

C.  E.,  Edinburgh. 

Q,  Locomotive  Superintendent  of  the  North  British  Railway,  Edinburgh. 

HONORARY    MEMBERS. 

Alston,  Elmdou  Hall,  near  Birmingham. 

3ott,  Secretary  of  the  Leeds  Dewsbury  and  Manchester  Railway,  Leeds. 
cper  of  the  Public  Records,  Branch  Record  Office,  Carlton  Terrace, 
ister. 

Colcshill  Street,  Birmingham. 

Jolicitor  to  the  Shropshire  Union  Railways  Company,  Newport,  Salop 
nt  for  the  Zealand  Railway  Company,  Bijiuingham. 
1,  Barrister,  3  Paper  Buildiugs,  Temple,  London, 
cretary  of  the  Eastern  Counties  Railway,  London. 
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PROCEEDINGS. 

JuKB  13,  1848. 


A  Specul  Gknbrai.  Meetinq  of  the  Members  was  held  in  the 
Theatre  of  the  Philosophical  Institution,  Cannon  Street,  Birmingham, 
OD  Tuesday,  the  13th  of  June,  1848  ;  J.  E.  McCojcnell,  Esq.,  Vice- 
President,  in  the  Chair. 

The  Minutes  of  the  last  meeting  were  read  by  the  Secretary, 
Mr.  Kintrea,  and  confirmed. 

The  Chairman  stated  that,  in  consequence  of  the  unavoidable 
ibsoice  of  the  President,  the  paper  **0n  the  Fallacies  of  the  Rotary 
Engine'*  would  not  be  brought  forward  until  the  next  meeting;  it 
therefore  fell  to  him  to  commence  the  proceedings,  by  reading  his  own 
Paper:— 

ON  THE  BALANCING  OF  WHEELS. 

The  advantages  derivable  from  balancing  the  wheels  of  locomotive 
engines  and  railway  carnages  and  wagons  are  very  important;  and 
the  object  of  this  paper  is  to  bring  the  subject  more  prominently 
before  the  members  of  the  Institution  of  Mechanical  Engineers,  in 
order  that  the  value  of  balancing  railway  wheels,  and  also  all  other 
machinery,  may  be  properly  understood. 

There  is  a  class  of  accidents  which,  horn  their  frequent  recurrence 
•ad  the  evil  consequences  resulting  there^m,  require  the  careful 
attention  of  engineers  connected  with  railway  business  :  I  mean  those 
aeddents  where,  from  a  rapid  rate  of  travelling,  the  oscillation  pro- 
greanvely  increases  in  violence,  and  in  a  jumping  or  jerking  motion, 
causing  the  engine  or  carriages  to  jump  from  the  rails;  and  I  hope  to 
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e  that  the  origin  of  these  frightful  cases,  causing  loss  of  life 
se  damage  to  the  property  of  the  railway  companies,  is  simply 
3  of  a  proper  equilibrium  in  the  movement  of  the  wheels 
lery  of  the  engines  and  carriages ;  and  although  there  may 
in  one  or  two  instances,  a  fault  in  the  rails  or  condition  of 
lent  way,  even  that  was  produced  by  the  irregular  working 
e  machine  on  previous  occasions. 

proceeding  to  explain  the  results  of  many  experiments  and 
rhich  they  afford,  I  wish  to  mention  that  the  merit  of  insti- 
first  systematic  enquiry  into  the  effects  of  balancing  wheels 
fir.  George  Heaton,  of  Shadwell  Street  Mills,  Birmingham, 
his  attention  was  drawn  to  the  subject  in  the  year  1810, 
2d  earnestly  to  effect  a  proper  plan  of  balancing  wheels  in 
)f  machinery.  Here  it  may  not  be  out  of  place  to  read  a 
of  the  origin  of  his  investigations,  as  detailed  by  Dr. 
ben  delivering  a  lecture  on  Physical  Mechanics,  at  the 
m  Philosophical  Institution,  in  the  year  1842;  possibly  in 
n  which  we  are  now  assembled  : — 

is  in  the  year  1810,  whilst  Mr.  Heaton  was  employed  at 
•bey,  by  the  late  Earl  of  Craven,  in  a  part  of  his  lordship* s 
ent  kept  for  the  amusement  of  himself  and  his  visitors  in 
je  of  mechanical  pursuits,  as  turning,  sawing  by  circular 
menting  by  the  aid  of  rose  engines,  &c.,  the  covers  of  snufif 
other  fancy  articles,  that,  finding  his  hand  power  insufficient, 
[p  determined  to  have  a  small  steam  engine  erected,  of 
>ower  to  drive  the  lathe,  &c. ,  at  the  requisite  speed.  The 
ing  been  put  up,  his  lordship  and  many  of  his  visitors  were 
o  find,  that  when  one  of  the  lathes  was  urged  to  a  speed  of 
revolutions  in  the  minute  it  began  to  shake,  and  shook  to 
[tent  as  the  speed  was  augmented  as  to  raise  the  whole 
fame  from  the  floor  upon  which  it  was  placed.  Mr.  Heaton 
rse  consulted  as  to  the  cause  of  this  agitation,  and  he 
it  unhesitatingly  to  the  fact  that  the  revolving  parts  of  the 
he  pulleys,  were  not  equal  in  weight  on  both  sides  of.  the 
he  lathe  was  of  beautiful  workmanship,  made  by  one  of  the 
-8  in  London,  and  the  pulley  suspected  of  the  fault  was 
►sewood,  on  which  was  fixed  a  dividing -plate.      Now  it  was 
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pn^Mble  that  the  texture  of  the  wood  being  closer  on  one  side  than  on 
tlu  other  when  dry  was  the  eanse  of  this  ineqoalitj  in  the  weight. 
Mr.  Heaton  had  immediate  instructions  to  remedy  this  defect  if 
poBsibk,  and  he  accomplished  it  in  the  following  manner : — ^he  bored  a 
iiok  on  the  light  side  of  the  pulley  3}  inches  from  the  centre,  and 
introduced  into  it  9  ounces  of  lead,  which  was  the  quantity  required  to 
make  the  pulley  perfectly  in  balance.  The  lathe  was  now  again  set 
to  work,  and  at  a  speed  of  600  revolutions  per  minute  or  any  other 
flpeed  requisite  for  its  work  it  was  perfectly  free  from  shaking.  This 
rocking  motion  was  now  illustrated  on  a  large  model,  whose  axis  was 
d  the  breadth  of  the  ordinary  railway  gauge,  and  its  two  revolving  rods 
of  the  length  of  the  diameter  of  the  wheels  of  a  locomotive  engine. 
Being  unequally  balanced,  and  made  to  revolve  by  a  weight  of  6  lbs., 
it  exemplified  the  rocking  motion  of  the  lathe.  The  same  motion. 
Dr.  Melson  observed,  may  also  be  noticed  in  some  of  the  guide  pulleys 
that  are  heavy- sided  on  the  railways,  where  a  rope  is  used  to  draw  the 
train  along,  particularly  when  the  train  runs  fast.  Here  several 
oonections  of  machinery,  both  of  lighter  and  more  ponderous  construc- 
tion, were  severally  detailed,  in  which  Mr.  Heaton  had  succeeded,  by 
attention  to  this  principle,  in  producing  an  equable  motion,  where 
before  the  most  violent  and  unaccountable  agitation  had  prevailed. 
One  striking  instance  occurred  in  the  latter  part  of  last  year:  an 
^iplicationwas  made  to  the  firm  of  Heaton  Brothers,  Shadwell  Street, 
for  instmctions  to  remedy  the  evil  attendant  upon  the  working  of  a 
£m  used  for  the  purpose  of  creating  a  blast  for  melting  iron  ;  this  fan 
had  been  set  to  work,  but  the  steam  engine  by  which  it  was  driven 
was  found  incapable  of  getting  it  up  to  the  required  speed,  which  was 
ahout  1000  revolutions  per  minute,  and  when  it  approached  that  speed 
it  shook  the  whole  of  the  buildings,  and  shook  itself  loose  from  its 
bearings.  To  obviate  this  position  of  affairs,  the  proprietors  removed 
it  into  another  position,  and  propped  it  with  strong  timbers,  which 
atrong  limbers  had  their  bearing  under  a  heavy  wall.  When  again 
set  to  work  it  shook  the  whole  place  as  before,  and  made  so  much 
wise  that  the  proprietors  were  threatened  with  a  prosecution  for 
nuisance.  At  ^s  critical  juncture  of  affairs,  Messrs,  Heaton,  having 
been  consulted,  immediately  took  the  fan  to  pieces  and  found  it  2  lbs. 
80Z.  out  of  balance.     The  evil  wa.s  rectified,   and  the  fan  restored  to 
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ition,  short  of  the  whole  of  its  props,  &c.     The  engine 

0  work,  and  was  found  capable  of  driving  the  fan  the 
iber  of  times,  the  nuisance  was  removed,  and  the  fan 
:e  displayed  any  disposition  to  move  from  the  place  where 
lere  an  important  observation  was  made,  to  the  effect 
de  of  the  wings  of  this  fan,  which  was  3  feet  in  diameter, 
r   at    1000   turns    per   minute,    does  not  travel  quite 

as  the  rim  of  the  wheels  of  a  railway  train  when 
inning  at  the  speed  of  30  miles  an  hour.  The  motion  of 
>w  imitated  on  the  large  model,  in  which  experiment  the 
e  outside  of  the  steel  rods  were  not  propelled  at  the  rate 

1  hour,  although  the  effect  was  so  violent;  whilst  at  the 
1  weights  travelled  at  a  uniform  speed  in  each  part  of 
m.  This  was  not  the  case  with  the  wheels  of  a  railway 
I  train  were  travelling  at  the  rate  of  30  miles  per  hour, 
f  the  wheels  would  of  course  have  a  much  greater  motion 
e.  If  then  such  an  effect  were  produced  by  the  model,  when 
8  out  of  balance,  and  only  moving  that  12  ounces  at  the 
les  per  hour,  what  effects  were  we  not  prepared  to  expect 
ly  wheel  thrown  forward  at  four  times  the  speed,  and 
aany  instances  was  the  case,  the  wheels  were  each  four 
ich  out  of  balance." 

Iso,  if  necessary,  instance  several  recent  accidents  on 
Iting  I  believe  from  the  same  cause,  and  also  from  a 
ce  of  another  description,  to  which  I  mean  to  direct  the 
members  of  this  Institution  at  a  future  meeting. 

clearly  to  account  for  the  great  effects  produced  by 
jels,  I  have  carefully  noted  the  experiments  made,  in 
I  some  general  principle  by  which  they  are  to  be  regu- 
find  that  the  laws  of  central  forces  will  afford  the  proper 
5  laws  of  central  forces,  when  a  body  is  made  to  revolve 
nd  some  fixed  point,  it  will  have  a  continuous  tendency 
straight  line,  at  a  tangent  to  the  circle,  which  tendency 
entrifugal  force ;  and  the  opposing  power  by  which  the 
ed  in  the  circular  path  is  called  the  centripetal  force,  and 
hen  taken  together  are  termed  central  forces.  Now  it 
-evident   that   the  centrifugal   forces  of  two  bodies   of 
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UKquil  weight,  moving  with  the  same  velocitj  of  revelation,  at  the 
game  distance  from  the  centre,   are  to  one  another  as  the  respective 
quantities  of  the  two  bodies.      Further,  the  centrifugal  forces  of  two 
eqnal  bodies  which  perfona  their  revolution  round  the  centre  in  the 
same  time,  hat  at  different  distances  from  it,  are  to  one  another  as 
Ae  respective  distances  from  the  centre.     The  centrifugal  forces  of 
two  bo^es  which  perform,  their  revolution  in  the  same  time,  and  whose 
quantities  of  matter  are  inversely  as  their  distances  from  the  centre, 
are  equal  to  each  other.     The  centrifugal  forces  of  two  unequal  bodies 
moving  at  equal  distances  from  the  centre,  with  different  velocities, 
are  to  one  another  in  the  compound  ratio  of  their  quantities  of  matter 
and  the  squares  of  their  velocities.     The   centrifugal   forces  of  two 
equal  bodies  moving  at  equal  distances  from  the  centre,  hut  with 
different  velocities,    are    to    one    another  as    the    squares  of  their 
velocities.     The  centrifugal  forces  of  two  equal  bodies  moving  with 
eqoal  velocities  at  different   distances   from  the  centre  are  as  their 
distances  from  the  centre.     The  centrifugal  forces  of  two  unequal  bodies 
moving  with  equal  velocities  at  different  distances  from  the  centre  are 
to  one  another  as  their  quantities  of  matter  multiplied  by  their  respec- 
tive distances  from  the  centre.     The  centrifugal  forces  of  two  unequal 
bodies  moving  with  unequal  velocities  at  different  distances  from  the 
centre  are  in  the  compound  ratio  of  their  quantities  of  matter,  the 
eqnires  of  their  velocities,  and  their  distances  from  the  centre. 

Without  entering  on  the  wide  subject  of  central  forces,  which  would 
reqmre  more  space  and  mathematical  reasoning  than  this  paper  can 
embrace,  I  shall  now  illustrate  by  a  few  examples  on  the  models  before 
the  meeting  the  effects  of  wheels  unhalanced  and  in  balance. 

In  order  to  arrive  at  a  correct  principle  of  balancing  wheels,  it  is 
<HJy  necessary  to  find  out  by  a  delicate  apparatus, — such  as  by  having 
the  wheel  suspended  by  the  centres  of  a  lathe,  or  other  centres,  so  that 
there  may  be  as  little  friction  as  possible  in  revolution,  and  then  by 
tymg  a  weight  at  the  periphery  of  the  wheel  to  overcome  the  inertia, — 
the  difference  required  at  one  point  more  than  another,  necessary  to 
place  the  wheel  in  perfect  balance.  This  test  is  only  necessary  at  four 
points;  having  first  discovered  the  heaviest  side,  the  opposite  or 
%ht€«t,  and  then  the  other  two  at  right  angles  to  these,  proceed  to 
piac«>  Iwlance  weights  as  re^iuired. 
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^ne  wheels  on  a  crank  axle,  it  is  necessary  to  attach  all 
other  appendages  which  increase  the  weight  of  the  wheel 

and  consequently  great  care  is  necessary  to  place  these 
•  natural  position,  as  when  at  work. 

ct  worthy  of  notice,  that  two  wheels  cannot  he  balanced 
it  the  same  time.  One  wheel  requires  to  be  put  on  and 
ed  by  itself;  and  when  properly  adjusted,  the  other  ia 
precisely  the  same  process  must  be  again  performed, 
jcion  with  this  subject,  I  have  observed  a  singular  effect 
a  want  of  balance,  which  may  be  very  interesting.  In  the 
number  of  powerful  merchandise  engines  were  delivered 
makers  to  the  London  and  North  Western  Railway 
md  so  far  as  the  plan  and  construction  of  the  engines  were 
le  company  was  satisfied  ;  but  in  a  short  time  a  flat  place 
i  the  tyre  of  the  wheels,  exactly  opposite  to  the  crank. 
s  were  assigned  for  this,  but  none  were  correct ;  and  the 
submitted  as  a  fat^l  objection  to  the  engines.  I  was 
the  subject,  and  at  once  gave  it  as  my  opinion  that  the  sole 
^ant  of  balance.  An  engine  was  put  in  balance  ;  and  the 
emoved,  the  engines  were  again  restored  to  favour, 
nig  in  power  by  the  wheels  being  put  in  balance  is  very 
;  and  I  know  from  experience,  that  were  this  subject  taken 
sire  to  put  all  wheels  in  balance  as  perfect  as  possible, 
of  traction  force  would  be  saved. 

)w  to  introduce  to  the  meeting  a  small  model  showing  the 
f  another  kind  of  balance,  which  in  its  results  will  I  believe 

for  the  prevention  of  accidents  as  even  the  balancing  of 
ean  the  balance  to  the  momentum  of  piston  and  rod.  As 
(rer  form  the  subject  of  a  future  paper,  I  shall  merely 
nodel  to  the  members  :  and  I  trust  they  will  give  the 
earnest  consideration. 

>wing  is  a  Table  of  experiments  with  the  small  model 
3sed  of  an  upright  spindle  having  a  piece  of  brass  wire 
a;,  weighing  4  ounces,  put  through  the  top  part  of  it,  in  such 
to  allow  of  its  being  moved,  and  set  longer  at  one  end 
i  the  other,  &c.  The  weight  to  give  motion  fell  throogh 
2  feet  4  inches  in  each  experiment. 
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Tadle  oj  Essperiments, 


Particalan  of  Ezperiment. 

Weight 
to  pre 
Motion. 

Time 

in 
Motion. 

No  of 

Rerolu. 
tions. 

*  1 

The  wire   set   in  the   spindle  with  the 
ends  at  eqnal  lengths  from  the  centre. 

Lbs. 
U 
8 
6 

Secends. 
45 
46 
46 

82 
83 

80 

No, 
165 
206 
241 

i 
2 

The  wire  set  all  out  on  one  side  of  the 
spindle,  and  consequently  out  of  halance. 

It 

3 

6 

56 
56 
57 

3 

t 

The  wire  set  4  inches  long  at  one  end 
and  8  inches  long  at  the  other. 

8 

6 

82 
80 
29 

72 

78 
85 

4 

The  wire  with  a  6  oi.  weight  upon  one 
end,  and  set  in  the  spindle  in  such  a  manner 
as  to  make  each  end  of  an  equal  weight. 

3 

6 

56 
56 
59 

143 
178 
206 

5 

The  6  oz.  weight    removed,   the   wire 
remaining  in  the  same  position  as  in  the 
last  experiment^  No.  4. 

8 
6 

86 
83 
29 

67 
70 
69 

The  model  No.  4  was  made  to  more  nearly  resemble  the  railway 
carnage  wheels  and  axle.  It  consists  of  a  roimd  axle  fixed  to  run  in 
two  brass  chairs,  resting  upon  a  small  wood  frame,  with  an  eight-day 
dock  spring  and  barrel  npon  the  frame,  to  give  motion  to  the  axle, 
•nd  by  that  means  to  keep  its  power  within  itself.  There  are  two 
flanged  wheels,  one  on  each  side  of  the  axle,  6  J  inches  in  diameter, 
bearing  abont  the  same  proportion  as  a  railway  carriage  wheel ;  by 
placing  some  loose  pieces  of  iron  inside  of  the  wheels  so  as  to  make 
them  represent  wheels  that  are  J  inch  thicker  on  one  side  of  the 
periphery  than  the  other,  and  the  thick  sides  on  the  opposite  side  of 
the  centre  (a  position  which  it  is  the  practice  of  wheel  makers  to  place 
them  in,  and  which,  according  to  the  models,  is  the  very  worst),  if 
the  string  from  the  spring  barrel  is  wrapped  round  the  axle  and  let  go, 
the  model  will  begin  to  jump  about  the  table  ;  or  if  held  in  a  person's 
hand,  it  will  soon  get  the  whole  into  a  shake,  so  as  to  beat  time  ¥rith 
it  in  a  similar  maimer  to  many  of  the  railway  carriages. 
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J  course  of  the  reading  of  the  paper,  Mr.  McConnell  exhi- 
nerous  experiments  explanatory  of  the  subject.  Tlie  first 
le  wheels  of  a  model  machine  in  balance,  to  which  motion 
fiunicated  by  a  spring  ;  and  the  regularity  of  the  motion  of 
3  was  strikingly  evinced.  Afterwards  a  small  piece  of  iron 
«d  between  the  arms  of  each  wheel  at  opposite  points,  which 
sstroyed  the  balance,  and  gave  rise  to  considerable  jerking* 
liness.  Similar  experiments  were  made  to  show  the  advan- 
50  balancing  the  piston  rod,  which  more  than  anything  else, 
Dnnell  believed,  would  obviate  the  unpleasant  and  sometimes 

jolting  of  railway  trains. 

respect  to  the  mode  of  balancing  wheels,  Mr.  McConnell 
t  two  wheels  could  not  properly  be  balanced  together  :  first 
danced,  and  then  the  other  on  the  opposite  side.  When 
3ct  was  first  brought  imder  the  notice  of  Mr.  Robert 
n,  it  was  not  considered  to  have  any  value,  and  it  had 
onents ;  but  more  recently  Mr.  Stephenson's  attention  and 
)ther  eminent  engineers  had  been  called  to  it,  and  their 
as  now  favourable.  These  parties  however  adopted  another 
rhich  he  (Mr.  McConnell)  did  not  consider  to  be  the  correct 
ely,  when  a  locomotive  is  to  be  connected,  and  the  driving" 
1  working  parts  to  be  attached,  it  is  lifted  upon  centres  and 
1  set  slowly  in  motion,  balance  weights  being  added  until  they 
a  particular  speed  without  rocking,  and  become  perfectly 
their  centres.     That  plan  might  answer  tolerably  well,  but 

consider  it  to  be  the  really  true  method  of  balancing  wheels. 
re  occasion  he  would  probably  bring  before  the  Institution  the 

balancing  the  piston  and  rod  and  connecting  rod,  to  which 
ed  very  great  importance.  He  believed  the  want  of  this 
have  caused  many  such  accidents  as  engines  leaving  the  rails, 

the  wheels  were  in  balance ;  for  when  an  engine  attains  a 
ity,  say  when  the  piston  rod  travels  at  the  rate  of  1000  feet 
iy  the  momentum  of  the  piston  becomes  so  great,  that  the 
st  jimip  and  oscillate,  causing  the  front  wheels  frequently  to 
Dad.  This  effect  he  had  succeeded  in  completely  neutralising, 
tenting  at  Wolverton  with  an  engine  perfectly  balanced.  It 
vears    since    Mr.     Heaton    introduced  the    subject    to    him 
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(Mr.  McConnell),  and  he  then  adopted  it  on  the  Birmingham  and 
GVnieester  Railway.  He  believed  that  to  have  been  amongst  the  first 
instaikces  of  its  having  been  brought  into  practice. 

Mr.  MiDDLBTOK  said  he  knew  that  considerable  prejudice  had  at 

one  time  existed   against  the  sjstem  of  balancing,   so  ably  brought 

fonraid  by  Mr.  McConnell.     He  had  been  associated  with  the  author  of 

&  syBtem,  Mr.  Greorge  Heaton,  in  having  it  tried  on  the  London  and 

Birmingham  and  other  Railways ,  but  they  met  with  great  discourage - 

nfeeni.     He  was  however  still  convinced  that  it  was  one  of  the  best 

meaiiB  of  securing  the  utmost  safety  in  railway  travelling.     It  was  first 

introduced  in  1839,  on  the  London  and  Birmingham  line ;  and  he  had 

also  then  been  in  communication  with  Messrs.  Sharp  Roberts  and  Co., 

of  Manchester,  on  the  subject ;  but  it  was,  as  Mr.  McConnell  had  stated, 

irst  adopted  in  practice  on  the  Birmingham  and  Gloucester  line. 

Mr.  McCoKNELL  observed  that  Messrs.  Sharp  Roberts  and  Co.  did 
not  take  the  true  plan.  Instead  of  balancing  each  wheel  and  each 
crank  by  itself,  they  put  a  balance  weight  opposite  to  the  two  cranks ; 
and  that  system  they  carried  on  for  a  considerable  time. 

Mr.  CowTER  said  that  Messrs.  Braithwaite  and  Milner  had  balanced 
wheels  on  the  Eastern  Counties  lines  eleven  years  ago ;  and  after 
ODfinng  to  Birmingham  he  had  heard  of  Mr.  Heaton's  plan,  which  he 
faoad  to  be  precisely  the  same  as  that  on  the  Eastern  Counties.  This 
however  was  a  decided  improvement  on  any  he  had  seen  before. 

On  the  motion  of  Mr.  Henrt  Smitq,  seconded  by  Mr.  Samuel 
TaouT05,  the  unanimous  thanks  of  the  meeting  were  voted  to 
Mr.  McConnell  for  his  valuable  paper,  and  for  the  very  complete 
experiments  he  had  exhibited. 


TTip   Secretary   then    read    the    following  Paper,  by  Mr.  James 
Suanel,  of  London  : — 
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ON  AN  EXPRESS  LOCOMOTIVE  ENGINE. 

mall  locomotive  lately  introduced  on  the  Eastern  Counties 
having  attracted  considerable  attention,  has  induced  me  to 
)  your  notice  a  short  description  of  it ;  and  at  the  same  time 
few  observations  on  the  applicability  of  the  principle  to  the 
ie  of  passengers  on  branch  lines  of  railway. 
**  carriage  engine''  was  constructed,  under  my  superintend- 
the  purpose  of  conveying  the  inspectors  and  myself  on  the 
ZJounties  Railway,  and  thereby  avoiding  the  great  expense  of 
igines. 

total  length  of  the  carriage  is  12  feet  6  inches,  including 
Yy  water  tank,  and  seats  for  7  passengers ;  all  on  one 
hich  is  hung  below  the  axles,  and  is  carried  on  four  wheels 
nches  in  diameter.  The  floor  is  within  9  inches  of  the  level  of 
It  is  propelled  by  two  cylinders,  3  J  inches  in  diameter,  with 
stroke,  placed  on  each  side  of  the  boiler,  and  acting  on  a  crank 
he  boiler  is  cylindrical,  placed  vertically ;  and  is  1  foot  7  inches 
ter,  by  4  feet  3  inches  in  height.  It  contains  a  firebox, 
I  in  diameter,  by  14  inches  in  height;  with  35  tubes,  3  feet 
long,  by  IJ  inches  in  diameter;  giving  5 J  feet  of  heating 
n  the  firebox,  and  38  feet  on  the  tubes.  The  engine  is  fitted 
with  link  motion,  feed  pumps,  &c.  The  water  tank  is  placed 
i  seats,  and  will  contain  40  gallons. 

carriage  is  capable  of  conveying  7  persons,  at  a  rate  of 
an  hour ;  it  has  at  times  attained  a  speed  of  44  miles.  The 
bion  of  coke  is  only  2  J  lbs.  per  mile ;  and  the  weight  of  the 
kchine  does  not  exceed  25  J  cwt.,  including  coke  and  water, 
result  of  observations  which  I  have  for  a  considerable  time  been 
on  the  Branch  PoMengtr  Traffic  of  Railways  has  been  to 
me  that,  on  the  whole,  it  is  not  remunerative ;  and  in  some  cases 
n  worked  at  a  loss.  I  have  therefore  been  led  to  consider, 
the  expenses  might  not  be  reduced  by  the  introduction  of  a 
)f  steam  carnages  more  suitable  to  the  amount  of  traffic  to  be 
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It  is  evident  that  the  more  we  can  reduce  the  dead  weight  of  the 
tndns  and  engines,  in  proportion  to  the  nuinher  of  the  passengers,  the 
Iks  will  be  the  expense  of  repairs,  both  of  the  carrying  stock  and 
engines,  and  of  the  way  and  works  of  the  line. 

The  average  weight  of  a  train  on  the  branch  lines  of  the  leading 
fiihrajs  is  56  tons,  the  nninber  of  passengers  conveyed  by  each  train 
not  exceeding  35  to  40  on  many  of  the  branch  railways  in  England. 
Supposing  each  passenger  with  Inggage  to  weigh  1|  cwt.,  the  total 
weight  of  the  passengers  conveyed  is  about  3  tons ;  or  in  other  words, 
for  every  ton  of  paying  load  now  carried  by  the  system  of  locomotion, 
we  have  18  to  20  tons  of  dead  weight. 

It  is  therefore  in  a  conmiercial  point  of  view  of  the  greatest  impor- 
tance, not  only  to  railway  companies  but  also  to  the  public  generally, 
tlut  some  less  expensive  and  at  the  same  time  equally  safe  means  of 
tnnsit  be  adopted. 

Accordingly  it  is  proposed  to  substitute  for  locomotives,  on  branch 
railways,  steam  carriages  similar  in  construction  to  the  accompanying 
drawings. 

These  drawings  represent  a  patent  steam  carriage  now  in  course  of 
construction,  under  my  direction,  by  Mr.  W.  B.  Adams,  the  patentee  ; 
mtended  for  the  Eastern  Counties  railway  company. 

The  following  are  a  few  of  the  principal  dimensions  .-—diameter  of 
cylinders,  7  inches ;  length  of  stroke,  12  inches ;  diameter  of  driving 
^^wels,  5  feet ;  distance  between  centres,  20  feet ;  width  of  framing, 
8  feet  6  inches.  The  boiler  is  of  the  ordinary  locomotive  construction, 
5  feet  long  by  2  feet  6  inches  in  diameter ;  the  firebox  is  2  feet 
10|  inches  by  2  feet  6  inches.  There  are  to  be  115  tubes  IJ  inches  in 
diameter  and  5  feet  3  inches  in  length ;  giving  210  feet  of  heating 
s'ttfiwc  on  the  tubes.  The  area  of  the  firebox  is  25  square  feet ;  giving 
a  total  of  235  feet  of  heating  surface  on  the  boiler. 

The  consumption  of  coke  I  have  estimated  at  7  lbs.  per  mile  at  a 
velocity  of  40  miles  per  hour.  The  total  weight  of  the  steam  carriage, 
with  coke  and  water,  vrill  not  exceed  10  tons ;  and  it  will  be  capable 
of  conveying  about  42  passengers,  at  a  speed  of  40  miles  per  hour. 
The  water  will  be  carried  below  the  floor  of  the  carriage,  in  wrought 
iron  tobes  12  inches  in  diameter  and  12  feet  long. 
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lat  object  attained  in  this  machine  is  the  redaction  of  the 
avity ;  from  which  there  will  be  a  consequent  absence  of 
lation.  It  is  intended  for  the  Enfield  and  Edmonton  branch 
im  Counties  railway,  and  is  expected  to  be  at  work  in  about 
om  this  date.  When  its  practical  utility  and  economy  has 
i,  I  shall  be  glad  to  submit  the  results  to  the  Institation  ; 
Qvinced  that  the  subject  is  one  deserving  the  attention  of 
s,  and  of  all  parties  interested  in  the  profitable  working  of 

kdd  that  were  the  system  of  light  steam  carriages  ad(^ted, 
ways  might  be  constructed  at  a  very  small  cost  indeed, 
rith  the  present  outlay;  an  outlay  which  is  unavoidable 
yrstem  of  heavy  engines ;  and  the  advantages  of  railway 
don  might  be  extended  to  districts  which  can  never  hope  to 
so  long  as  the  present  system,  which  requires  so  g^reat  an 
pital,  is  continued. 


cuEL  begged  to  state  that  one  of  the  chief  recommendations 
le  was  the  very  great  saving  it  would  eflTect  in  the  wear  and 
,  arising  from  the  difference  in  weight  between  it  and  the 
s  of  engines.  From  experience  he  estimated  the  wear  and 
at  £80  per  mile  per  annum ;  besides  the  wear  in  the  tyres 
ig  wheels,  which  all  know  to  be  large.  In  constructing 
;,  and  also  where  the  traffic  was  light,  he  proposed  to  lay 
nd  to  use  only  these  little  engines ;  and  by  these  means, 
t  of  such  lines,  as  well  as  the  current  expense,  would  be 
Eilly  lessened. 

er  to  questions  by  Mr.  Cowper,  Mr.  Samuel  said  that  there 
0  difficulty  in  providing  for  the  conveyance  of  goods  or 
:rains  more  than  usually  heavy;  and  in  answer  to  the 
e  said  that  it  would  be  desirable  to  lay  the  light  rails  he 
of  on  longitudinal  timbers,  so  that  heavy  engines  might,  as 
uired,  run  over  them  with  safety. 
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A  Member  enquire  what  amount  of  steam  pressure  the  engine 
osuftllj  Forked  with. 

Mr.  Sjixukl  replied  that  the  usual  amount  was  120  lbs. ;  but  it 
was  ikot  hiB  intention  to  work  with  more  than  80  lbs.  in  fature. 

Hie  Chaibmam  and  Mr.  Cowpbr  concurred  in  thinking  that  for 
bnneh  lines,  where  the  traffic  is  not  usually  heavy,  Mr.  Samuers 
engines  might  be  used  with  considerable  advantage  and  economy,  and 
that  by  some  such  means  these  lines,  generally  so  unproductive,  might 
be  made  remunerative  to  the  proprietors.  The  Chairman  however 
thooght  an  objection  might  be  taken  that  the  passengers  would  be 
subject  to  a  delay  at  the  junction  with  main  lines. 

Hr.  Saxuxl  replied  that  the  delay  would  be  amply  compensated  for 
b;  the  increased  speed  he  expected  to  obtain.  He  might  add  that  he  had 
made  a  calculation  that  the  cost  of  conveyance  of  passengers  by  his 
ansDgement  would  not  exceed  one  fifth  of  a  penny  per  mile.  All 
wonki  admit  that  the  unprofitable  working  of  most  branch  lines 
demanded  that  some  means  of  economising  the  expenses  should  be 
inkodnced. 

The  CsAinMAK  did  not  think  it  advisable  to  lay  down  lighter  rails 
tiun  those  ncfw  in  use.  In  conclusion  he  begged  to  intimate  that  the 
engine  m  question  was  at  the  London  and  North  Western  Birmingham 
statioQ,  in  steam,  that  the  members  might  personally  witness  her 

WQllXQg, 

Hr.  Buckle  then  proposed  that  the  best  thanks  of  the  Institution 
he  giren  to  Mr.  Samuel ;  the  motion  was  seconded  by  Mr.  Cowper,  and 
passed  mianimoasly. 


Mr.  Thomas  Cbaddock,  of  Birmingham,  having  expressed  a  desire 
to  ky  before  the  Institution  a  supplementary  paper  to  the  one  read  by 
him  at  the  last  meeting,  read  the  following  Paper : — 
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ON  A  BOILER  AND  CONDENSER 
ABLE  FOR  EXTENDING  THE  CORNISH  ECONOMY 
^ND  FOR  PREVENTING  BOILER  EXPLOSIONS. 

b  the  last  meeting  of  the  Institation  several  questions  -were  pnt  to 
3me  of  which  I  was  not  at  the  moment  prepared  to  answer.     The 
on  pnt  by  Mr.  McConnell  relative  to  the  economy  of  my  boiler 
generation  of  steam,  when  compared  with  the  common  boiler,  I 
it  even  yet  prepared  to  answer ;  as  I  have  not  been  able  to  find 
bo  make  such  experiments  with  the  two  boilers  as  would  enable 
make  a  conclusive  reply.     Before  referring  to  other  questions 
at  that  meeting,  I  will  offer  a  few  observations  on  the  advan- 
of  two  cylinders  when  used  for  expanding  steam  from  a  very 
to  a  very  low  pressure,  as  proposed  by  me.     Mr.   Crampton 
d  to  the  loss  shown  by  the  curve  of  the  indicator  figure,  and  I 
ite  as  sensible  of  this  loss  as  Mr.  Crampton  or  any  one  else  can 
B  long  ago  I  publicly  assigned  that  as  the  reason  which  had 
d  me  to  design  and  construct  engines  on  the  principles  of  the  one 
)efore  this  meeting,  which  on  investigation  will,   I  think,   be 
calculated  to  effect  the  object  desired.     But  I  wish  to  remind 
seting,  that  the  indicator  will  not  detect  the  loss  alluded  to  as 
rising  from  the  steam  being  condensed  by  the  comparatively  cold 
of  the  cylinder  ;  the  water  resulting  from  such  condensed  steam 
in  contact  with  the  heated  metal,  and  having  free  communication 
he  condenser,  re- absorbs  the  heat,  thus  rendering  that  heat  and 
inert  when  we  require  it  active,  and  active  when  we  require  it 
ised.     I  think  however  that  the  validity  of  Mr.   Crampton 's 
on  is  open  to  question.     He  asserts  that  the  flywheel  will  meet 
jections  without  the  two-cylinder  engine.      If  the  irregularities 
her  difficulties  attending  the  one-cylinder  system  are  not  con- 
)le,  the  flywheel  will  meet  the  difficulty  ;  but  the  matter  is  very 
lit  when,  as  in  my  case,  we  avail  ourselves  of  the  expansive 
Ae  to  the  frillest  extent ;  and  to  render  that  safe  and  practicable 
B  primary  motive  which  led  to  these  arrangements.     To  illustrate 
itter,  let  us  suppose  it  desirable  to  use  steam  at  the  coniraence- 
?f  the  stroke  at  200  lbs.  per  square  inch  ;    that  steam   being 
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reduced  by  expansion  before  it  quits  the  cylinder  to  3  lbs.  per  square 

incb,  wbich  would  require  the  steam  to  be  cut  oflf  at  about  ^th  of  the 

rtroke,  to  do  which  in  one  cylinder  it  must  be  of  large  capacity  ;  hence 

we  have  200  lbs.  per  square  inch  acting  upon  an  extensive  piston  area 

it  the  commencement  of  the  stroke,  and  at  its  termination  only  3  lbs. 

It  most  be  very  obyious  that  this  would  produce  immense  strain  upon 

iQ  the  working  parts  of  the  engine  ;  to  meet  whidi  they  would  require 

10  be  inconveniently  heavy  and  strong  ;   besides,  what  weight  of  fly- 

idieel  would  be  required  to  equalise  such  a  motion  ?  Yet,  with  an 

engine  on  similar  principles  to  the  one  before  the  meeting,  all  the 

difficulties  are  met  by  a  reduction  of  weight  and  bulk  of  engine.     The 

Etnin  also  upon  the  various  working  parts  is  kept  quite  as  low  as  in 

the  low  pressure  engine.     I  think  if  gentlemen  will  bear  in  mind  these 

msons,  and  others  which  will  readily  suggest  themselves,  they  will 

agree  with  me  that  there  are  strong  and  valid  grounds  for  concluding 

that  the  double  cylinder  engine  does  possess  advantages  for  carrying 

oat  the  expansive  principle  as  I  propose  it ;    advantages  which  are 

BOpported  by  the  soundest  theory,  and  are  confirmed  by  practice. 

In  replying  to  other  questions,  I  shall  endeavour  to  be  brief.  In 
large  boilers,  such  as  those  exhibited  in  the  drawings  before  the 
meeting,  for  marine  and  locomotive  purposes,  the  extent  of  surface  on 
which  the  heat  generated  in  the  furnace  acts  is  30  square  feet  for  every 
62  \\».  of  steam  required  to  be  generated  per  hour  ;  three  fourths  of 
rach  surface  being  exposed  to  the  radiant  heat  and  one  fourth  to  the 
criounanicative  heat.  The  extent  of  surface  required  in  the  condenser 
to  condense  62  lbs.  of  steam  per  hom*  is  70  square  feet  when  air  is  the 
mediam  of  condensation.  With  water  as  the  medium  of  condensation, 
16  gquare  feet  of  surface  is  sufficient  for  the  condensation  of  62  lbs.  of 
fiieam  per  hour.  With  air  as  the  medium  of  condensation,  62  lbs.  of 
steam,  generated  under  a  pressure  of  100  lbs.,  will  with  such  engines 
produce  at  least  3  horse  power.  And  with  water  as  the  medium  of 
condensation,  4  horse  power  is  easily  obtainable  from  62  lbs.  of  steam 
per  hour.  From  this  it  follows,  that  the  surface  necessary  in  the 
cr>ndenB<*r  per  horse  power  is  one  third  of  70  square  feet,  or  23  J  feet ; 
whereas  with  water  as  the  medium  of  condensation,  the  surface  required 
in  the  condenser  will  be  one  fourth  of  16,  or  4  square  feet  per  horse 
power. 
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In  reference  to  weight  of  boiler,  condenser,  and  engine,  I  am 
jpared  to  state  that  the  boiler,  with  casing,  grate,  steam  chest,  and 
complete,  does  not  exceed  1  cwt.  per  horse  power.  The  condenser, 
en  air  is  the  medium  of  condensation,  does  not  exceed  j  cwt.  per 
rse  power  ;  and  with  water  as  the  medium  of  condensation,  the  con- 
tiser  would  not  exceed  40  lbs.  per  horse  power.  The  coal  required, 
bh  air  as  the  mediimi  of  condensation,  is  3  lbs.  per  horse  power  per 
ur;  and  with  water  as  the  medium  of  condensation,  it  would  be  even 
s  than  3  lbs.  Again  :  we  find  the  weight  of  boiler,  condenser,  and 
^ne,  even  with  air  as  the  medium  of  condensation,  not  to  exceed 
cwt.  per  horse  power.  If  we  contrast  this  weight  with  that  of  the 
Banshee''  engines,  lately  tried  in  a  government  vessel,  which  is 
air  weight  of  the  present  make  of  engines,  we  find  the  **  Banshee" 
^ne  and  boilers  with  water  weigh  280  tons  for  350  horse  power, 
le  weight  of  an  engine,  boiler,  and  condenser,  on  the  principle  of  the 
e  before  the  meeting,  equal  to  350  horse  power,  would  not  exceed 

tons  ;  which  is  not  one  fourth  of  those  of  the  *'  Banshee'"  :  whilst 
know  that  the  consumption  of  fuel  would  be  reduced  nearer  two 
[rds  than  one  half  of  that  necessary  in  the  instance  given. 

Much  was  said  at  the  last  meeting  about  a  comparison  in  actual 
irk.  Since  then  I  have  been  informed  by  Mr.  Humphries  of 
Tshore,  that  with  one  of  these  engines,  made  for  him  by  me,  and 
lich  is  far  from  being  so  perfect  as  experience  would  now  enable 
J  to  make  it,  he  thrashed  50  bags  of  '*gardy"  cut  wheat  with  3  cwt. 

coals;  whilst  a  neighbour  of  his  with  another  engine  thrashed 
•  bags  of  wheat  with  30  cwt.  of  the  same  quality  of  coal. 


Mr.  Craddock  added  that  these  boilers  would,  if  necessary, 
nerate  steam  at  200  lbs.  pressure  ;  and  yet  no  such  accident  as  that 
lich  had  recently  occurred  at  Dudley  could  take  place.  In  answer 
a  member,  he  stated  that  he  had  been  in  communication  with  the 
Imiralty,  who  said  they  could  not  adopt  his  suggestion.  He  did 
t  know  what  their  opinion  was,  but  his  were  not  suggestions,  they 
Te  facts;  and  he  had  an  engine  of  nearly  100  horse  power 
nstructed  on  this  principle. 
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Mr.   Henky    Smith    wished   to  know  the   comparative  power  of 
vorking  the  refrigerator  and  the  common  pump. 

Mr.  Craddock  replied  that  a  condenser  equal  to  40  horse  power 
woold  not  take  one  horse  power  to  drive  it.  It  had  been  objected  that 
the  jcAnts  of  the  refrigerator  were  not  tight ;  but  he  would  engage  to 
foiislnict  them  perfectly  so. 

Mr.  McCoNNELL  enquired  how  the  water  in  the  boiler  was  kept  at 
»  regular  height. 

Mr.  Craddock  replied  that  there  were  taps  for  the  purpose. 
3Ir.  McCojrKELL  said  he  had  previously  asked  the  question  of  the 
Telitivc  economy  of  this  engine  and  the  one  somewhat  similar  to  it  in 
power  at  the  London  Works,  and  he  did  expect  that  either  Mr.  Craddock 
or  Mr.  Cowper  would  ere  this  have  given  the  Institution  some  data  to 
found  an  opinion  upon. 

Mr.  Cbaddock  said  he  had  stated  the  relative  economy  to  be 
50  per  cent.,  and  it  rested  with  Mr.  Henderson  and  not  with  him  to 
explain  why  the  trial  had  not  been  made.  He  (Mr.  Craddock)  had 
always  been  anxious  for  it. 

Mr.  McCoNNELL  could  not  doubt  the  statement  of  Mr.  Craddock, 
and  he  was  anxious  to  give  the  engine  every  proper  advantage  ;  but 
when  that  gentleman  talked  of  saving  50  per  cent.,  it  became  an 
important  matter  to  have  some  data  by  which  to  arrive  at  an  opinion ; 
and  he  thought  the  Institution  should  not  be  committed  to  anything 
which  had  not  been  accurately  and  sufficiently  tested  by  experiment. 

Mr.  CowpsR  said  50  per  cent,  might  seem  rather  large  ;  but  they 
knew  that  the  Cornish  engine  effected  a  sa\dng  of  nearly  60  per  cent. 
"vcT  the  old  engpines. 

Mr.  McCoNmBLL  said  his  only  wish  was  to  prevent  the  Institution 
Cftaunitting  itself  to  an  opinion,  without  having  the  merits  of  the  engine 
fairly  tested ;  but  he  would  be  quite  willing  to  admit  its  superiority, 
whenever  he  had  the  proper  data  upon  which  to  decide.  The  question 
r»f  the  relative  advantages  of  the  double  and  single  cylinders  was  not 
yet  settled,  and  one  of  the  members  had  been  requested  at  the  last 
meeting  to  prepare  a  paper  on  the  subject.  He  thought  therefore  that 
^experiments  should  be  made,  in  order  to  determine  the  relative  economy 
•f  the  two  engines.  It  had  been  suggested  to  him,  as  the  Chairman 
-f  the  meeting,  that  a  committee  of  members  might  be  appointed 
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ike  the  necessary  experiments  with  Mr.  Craddock.     If  that  would 

tisfactory  to  Mr.  Craddock,  he  believed  that  it  would  be  satisfactory 

e  members  of  the  Institution. 

'o  this  arrangement  Mr.  Craddock  willingly  assented ;    and  the 

rman  announced  that  the  Council  would  name  the  Committee 

ever  Mr.  Craddock  intimated  that  he  was  prepared  to  carry  out 

xperiments. 


'he  Secretary  then  read  the  following  Paper,   by  Mr.   William 
h,  of  Dudley  : — 

[  THE  RECENT  BOILER  EXPLOSION  AT  DUDLEY. 

laving  collected  numerous  particulars  connected  with  the  lament- 
explosion  of  a  steam  boiler  at  the  works  of  Mr.  Jeffries,  Hart's 
near  Dudley,  which  occurred  on  the  morning  of  Friday  the  2nd 
I  have  great  pleasure  in  laying  them  before  the  Institution  ;  and 
le  better  elucidation  of  my  statements,  I  have  prepared  a  drawing 
3  section  of  the  boiler,  and  of  a  puddling  furnace  which  was  one  of 
the  heat  from  which  acted  upon  the  boiler. 

"he  boiler  here  alluded  to  is  in  this  district  termed  *^  an  egg-shaped 
ce  boiler,**  from  being  heated  by  puddling  furnaces.  The  sectional 
h  which  I  now  produce  will  show  the  form,  and  also  the  distance 
wsition  in  which  it  stood  to  the  furnaces,  one  of  which  acted  upon 
quarter  of  it,  at  right  angles  ;  the  flame  from  the  neck  of  the 
ces  coming  first  in  contact  with  the  lower  part  of  the  outside  shell, 
then  ascending  to  the  cross  flues,  passed  through  them,  and 
nded  through  the  vertical  flue  to  the  chimney, 
shall  now  state  the  dimensions  of  the  principal  parts  ;  together 
the  calculations  of  heating  surface,  steam  space,  &c. 
Tie  boiler  being,  as  before  stated,  egg-shaped,  or  rather  a  plain 
irical  one  with  hemispherical  ends,  there  were  four  cross  flues,  and 
aain  flue  in  the  centre  was  placed  in  a  vertical  position,   as  shown 
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in  the  drawing.  Its  extreme  height  was  19  feet,  and  9  feet  3  inches  in 
£iiiNter ;  the  diameter  of  the  four  cross  flues  was  1  foot  10  inches, 
oonnecting  the  shell  to  the  top  part  of  the  main  flue,  which  was  5  feet 
in  diameter  at  top,  and  3  feet  9  inches  at  the  bottom  ;  the  height  from 
the  bottom  of  the  boiler  being  14  feet. 

The  heating  surface  would  therefore  be  : — 

Oolnae  iheD     

Foot  eron  flues        

Msmflike  

Total 

Mowing  12  inches  of  water  above  the  main  flue  would  give 
668  cnlncfeet  contained  in  the  boiler :  the  remaining  space  for  steam  would 
be  only  169  cubic  feet.  In  order  to  form  an  opinion  as  to  the  quantity 
of  water  evaporated  per  hour,  the  quantity  of  coal  consumed  in  the 
famaces  must  first  be  ascertained.  It  was  as  follows  :— each  furnace 
puddled  between  22  and  23  cwt.  of  iron  in  12  hours,  and  consumed 
between  28  and  30  cwt.  of  coal  in  six  charges ;  and  the  operation  is 
perfermed  by  first  raising  the  furnaces  to  a  white  heat,  until  the  charge 
<^  iron  is  melted,  which  takes  about  half  an  hour ;  after  which  the 
damper  is  shut  nearly  close  until  the  puddling  process  is  finished, 
vhidi  takes  about  40  minutes ;  and  the  blooms  are  drawn  out  and 
1W  fdmaoe  reheated  for  another  charge.    We  have  then  29  cwt.  of  coal 

foiisamed  by  each  furnace  in  12  hours,  and j^ '=■1083  lbs.  per 

boor;  and  supposing,  under  the  circumstances,  that  20  lbs.  of  coal  would 
evaporste  1  cubic  foot  of  water,  we  have  54  cubic  feet  per  hour,  which 
I  tUnk  is  nearly  correct.     The  result  then  for  comparison  is  : — 

Heating  mrfaoe      

*jtHIII  IIMll ... 

Wtteripaee 

Water  eviponied  per  hour    

Coak  oonsniied  per  hour      

Coalt  oonnnned  for  one  cubic  foot  of  water  evaporated 

Diameter  of  ■team  pipe  to  engine  

IKametcr  of  iafety  valve  (one)       

Diameter  of  feed  pipe     

Tlkfaieia  of  all  the  plates  of  boiler      

Pktuore  per  iqoare  inch  on  the  ufety  valve  (supposed) 


406 

square  feet. 

169 

cubic  feet. 

668 

cubic  feet. 

54 

cubic  feet. 

1083 

lbs. 

20 

lbs. 

5i  inches. 

4 

inches. 

24  inches. 

tV  inch. 

45 

lbs. 
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aboye  facts  show  that  the  steam  space  in  this  boiler  was  much 
11  for  the  heating  surface  and  for  the  other  proportions  of  the 
and  haying  examined  the  boiler  on  the  28th  of  April,  I  was 
f  that  fact,  and  adyised  Mr.  Jeffries  to  make  an  addition  to 
tn  space,  as  shown  in  my  drawing  by  red  lines.  This  boiler 
in  connexion  with  another  cylindrical  boiler  about  25  feet  long 
eet  6  inches  in  diameter ;  of  the  ordinary  construction,  and 
in  the  ordinary  way.      Both  together  supplied  steam  for  a 

20 J  inches  in  diameter  and  6  feet  6  inches  stroke,  making  20 
rokes  per  minute.     About  four  o'clock  on  the  morning  of  the 

this  latter  boiler  was  shut  off,  from  being  found  to  be  leaking, 

boiler  which  exploded  was  left  to  work  the  engine  by  itself, 
did  for  about  2 J  hours,  and  then  exploded.  It  appeared  in 
!  that  the  engine  was  doing  yery  little  work  at  the  time  of 
n,  as  it  was  driving  only  the  gearing  and  a  roll  turning  lathe 
I  the  proprietor  himself  was  working  ;  but  all  the  four  puddling 
i  were  in  full  work,  and  a  great  quantity  of  steam  must  haye 
►wing  off  by  the  safety  valye,  and  the  engine  acting  on  the 
lall  steam  space  had,  in  all  probability,  caused  the  boiler  to 
and  suddenly  thrown  out  a  large  portion  of  the  water.  I 
id  the  pieces  of  the  boiler  about  four  hours  after  the  explosion, 
ler  was  torn  up  in  all  directions  ;  and  I  am  convinced,  from  the 
nee  of  the  plates,  that  it  had  been  short  of  water,  and  that  the 
t  of  the  main  flue,  and  the  cross  flues,  had  been  red  hot.     I 

of  opinion  that  the  main  flue  had  either  collapsed  in  the  first 
5,  or  otherwise  the  crown  of  it  had  been  forced  downwards,  and 
,m  or  water  descending  into  the  main  flue  to  the  chimney  had 
b  up,  as  also  the  stack  which  stood  at  about  six  yards  from  the 

Other  particulars  will  be  seen  in  the  evidence  given  at  the 
;  but  I  am  sorry  to  say  that  the  real  cause  of  the  accident 
still  to  be  a  mystery ;  it  not  being  possible  to  ascertain  the 
mount  of  weight  upon  the  safety  valve  at  the  time,  from  the 
ifference  of  statement  made  by  the  two  enginemen,  and  the 
Lor  appearing  to  be  perfectly  ignorant  of  it  himself. 
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The  CHAiBacAN  enquired  if  Mr.  Smith  coiild  assign  any  cause  for 
the  explosion. 

Mr.  Smith  was  convinced  that  the  water  in  the  boiler  had  become 
too  quickly  heated  ;  which  no  doubt  was  one  of  the  principal  canses. 

Mr.  CowpER  enqnired  if  there  were  any  stays  to  the  flues. 

Mr.  Smith  sidd  there  were  not,  although  the  engine  was  working 
It  45  lbs.  pressure.  He  was  of  opinion  that  the  boiler  was  not  at  all 
•dotted  to  work  high,  pressnre  steam  ;  it  was  on  too  large  a  scale,  and 
there  are  many  such  in  the  neighbourhood  of  Dudley,  but  used  chiefly 
for  condensing  engines.  As  near  as  he  could  ascertidn,  the  boiler  in 
qnestioQ  had  been  -working  at  about  45  lbs.  to  the  inch  ;  which  is  quite 
a  general  Hung  in  the  neighbourhood.  In  fact  many  engines  are  being 
daily  woi^ed  there  in  a  highly  dangerous  manner,  and  he  felt  strongly 
that,  for  the  safety  of  the  public,  some  general  superintendence  should 
be  established.  It  was  most  unsafe  to  allow  matters  to  continue  as 
at  present. 

A  Tote  of  thanks  to  Mr.  Smith  was  unanimously  passed,  and  the 
meeting  terminated. 
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PROCEEDINGS. 


26  July,  1848. 


Tbe  HBoaL  Qenbkal  Mestino  of  the  Members  was  held  in  the 
T\watre  of  tbe  Philosophical  Institation,  Cannon  Street,  Birmingham, 
Ob  Wednesday,  the  26th  of  July,  1848;  Geobge  Stephenson,  Esq., 
Ptendent,  took  the  Chair  at  four  p.  h. 

The  Minutes  of  the  previous  Meeting  were  read  by  the  Secretary, 
Mr.  Kintrea,  and  confirmed. 

The  Pbesidebt  said  that  the  first  paper  to  be  read  according  to 
the  programme  would  be  his  own,  "On  the  Fallacies  of  the  Botary 
Engine;"  and  haying  alluded  to  the  model  of  a  rotary  engine 
before  the  meeting,  by  Mr.  Onion  then  present,  he  invited  the 
feDest  diflcnsson  on  his  paper  and  on  that  model.  He  would  show 
that  no  power  was  either  gained  or  lost  by  the  crank ;  and  that 
in  effect  it  was  precisely  the  same  as  a  simple  lever.  He  then 
exluhEted  a  diagram  explanatory  of  his  views ;  and  read  the  following 
Paper:— 

OK  THE  FALLACIES  OF  THE  BOTARY  ENGINE. 

As  all  levers  give  out  their  powers  at  right  angles  to  their 
fiilenuns,  it  will  be  seen  that  the  right-angle  line  II  (referring  to 
the  aooompanying  diagram),  from  the  connecting  rod  to  the  centre 
of  the  beam,  will  be  the  true  measure  of  the  length  of  the  beam, 
when  the  crank  is  at  half  stroke ;  therefore  l-20th  of  half  the  length 
cxf  the  beam  will  be  gained  by  the  piston  end  of  the  beam.  ¥he 
crank  being  3  fiset  long,  the  up  and  down  stroke  of  the  piston  will 
he  12  ieet ;  the  crank  pin  wiU  of  course  have  passed  through  a  space 
of  neariy  19  feet. 
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aw  a  weight  hanging  npon  the  drum,  which  is  nearly  4  feet; 
uneter,  wiD  balance  the  same  weight  on  the  piston  end  of  th.© 
;  each  will  move  at  the  same  velocity,  and  pass  through  tli© 
space  in  the  same  time. 

will  be  observed  that  fix)m  G  to  D  is  a  little  more  than  one 
longer  than  from  G-  to  D ;  it  will  therefore  be  seen  that  th.e 
it  at  the  piston  end  of  the  beam  has  a  little  more  than  one 
advantage  over  the  weight  at  the  drum.  And  it  will  also  be 
that  from  G  to  E  is  half  way  from  half  stroke  to  the  bottom 
) ;  at  this  portion  of  the  stroke  the  leverage  of  the  orank  will 
arly  2  feet.  The  increased  power  that  existed  in  the  crank 
half  stroke  to  this  point  will  gradually  be  lost  from  £  to  H  : 
therefore  clearly  proved  that  no  power  is  lost  by  the  crank 
n,  as  the  weights  resolve' themselves  into  a  simple  lever.  There 
e  a  little  loss  of  power  when  the  engine  is  turning  the  centres, 
L  is  compensated  for  at  the  connecting-rod  end  of  the  beam 
)  segment  of  the  right-angle  line  1 1. 

3w  a  rotary  engine  can  only  give  out  its  power  on  the  arm, 
jij  other  lever  ;  and  if  the  piston  passes  through  a  space  of 
it,  it  will  just  baliuice  a  weight  equal  to  the  same  power  passing 
^h  the  same  space. 


le  President  went  on  to  observe  that  the  &Iliicy  of  Mr.  Onion's 
[pie  was  pretty  conclusively  proved  by  the  fact  that  fifty 
ts  at  least  had  been  taken  out  for  rotary  engines,  every  one  of 
I  had  failed.  No  man  who  ever  lived  could  improve  on  the 
principle,  as  there  was  no  power  but  in  the  lever.  He  wonld 
be  glad  to  hear  the  opinions  of  the  members,  and  also  any 
nation  that  Mr.  Onion  might  wish  to  oflTer. 
r.  Onion  then  stated  that  his  engine  had  been  working  for  some 
I  at  the  Derby  station  by  permission  of  Mr.  Kirtley,  the 
otive  superintendent  of  the  Midland  Railway  ;  and  during  that 
jxpeiiments  with  his  and  another  engine  had  proved  that  his 
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flSectad  a  matemX  eaTing  in  foel.  A  statement  to  that  effect, 
Mztheaticated  by  Mr.  Kirtlej,  was  now  in  the  possession  of  Mr. 
MeConnel],  at  whose  snggestion  he  attended  that  meeting. 

The  PB£6in£irr  said  that  it  appeared  to  him  to  be  impossible 
that  such  eonld  be  the  case.  The  engine  might  have  answered  at 
me  triiU,  but  it  might  &U  at  the  next ;  and  one  trial  was  by  no 
vmm  a  sufficient  pT0o£ 

Ur,  Slate  obeeryed  that  there  was  one  important  desideratum 
whieh  he  desired  to  see  obtained  in  the  rotary  engine,  namely  some 
vethod  of  packing  tightly.  That  had  never  yet  been  found.  He 
hid  paid  much  attention  to  the  rotasy  engine,  and  had  seen 
approaches  made  to  an  efficient  system  of  pacldng,  but  none  had 
been  eo  perfect  as  to  render  the  rotary  principle  equal  to  the  crank, 
Mr.  Onion  had  told  them  that  hi^  engine  was  more  simply  packed 
than  the  common  engme,  and  he  should  like  to  have  that  made 
quite  clear  to  the  meeting. 

lir.  OinON  said  that  Mr.  Scott  Russell,  who  had  written  on  and 
patented  sereral  rotary  engines,  confessed  to  him  that  he  (Mr. 
Onion)  had  succeeded  in  overcoming  difficulties  which  had  hitherto 
been  found  to  be  inaurmountable ;  sujch  as  making  his  engine  steamr 
ti^  and  also  doing  away  with  the  usual  noise  of  the  rotaxy  engine. 
He  was  satisfied  that  his  engine  would  bear  a  comparison  with  one 
■poa  any  other  principle. 

lb.  JosxPB  MiLLEB  said  that  one  great  advantage  of  the  rotary 
engine,  supposing  it  to  be  thoroughly  efficient,  was  the  small  space 
which  it  occupied.  If  it  were  made  as  perfectly  tight  a^  the  ordinary 
aagine,  admitting  that  tightness  was  one  of  the  advantages  of  the 
tamman  cswik,  a  uaeful  resxdt  would  be  accomplished.  He  had 
wer  yet  seen  a  rotary  engine  rendered  sufficiently  tight,  but  he 
woold  not  go  the  length  of  saying  that  it  could  not  be  done.  As  a 
piactical  mfm  however  he  saw  great  difficulties  in  the  way.  He  had 
never  eean  a  rotary  engine  which  remained  tight  for  any  length  of 
tone;  and  he  should  as  soon  expect  to  discover  the  perpetual  motion 
aa  to  make  one  which  would. 

The  Prbudxst  obaerved  that  if  he  believed  there  wa«  anything 
ia  Mr.  Onion's  engine  he  would  be  y^ry  happy  to  giye  his  assista^pe 
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ringing  it  before  the  pnbHe;  bat  he  reeXty  oonld  not  see 
ling  of  value  in  it. 

[r.  MiLLEB  thonght  that  the  question  of  the  crank  and  the 
y  engine  onght  now  to  be  finallj  settled.  It  was  very  desirable 
that  should  be  done. 

It.  Henbt  BoBmsoN,  on  being  referred  to,  said  that  the  Grovem- 
I  had  a  rotary  engine  (Lord  Dondonald's)  working  in  the 
imouth  dockyard  for  the  lait  seven  years.  Mr.  Onion  claimed 
nredit  of  being  the  first  who  had  ever  succeeded  in  packing 
3ntly ;  but  it  was  only  the  same  packing  as  he  (Mr.  Bobinsos) 
been  in  the  habit  of  using  for  years;  Mr.  Onion  had  not 
fore  advanced  anything  at  all  new.     If  Mr.  Onion  would  cafl 

him  in  London,  he  would  show  him  an  engine  aiTnilAr  to  his 
and  packed  in  the  veiy  same  way.  It  was  one  that  was  applied 
locomotive,  and  commonly  known  as  the  "Jim  Crow"  engine, 

its  having  been  painted  black.  The  difficulty  with  rotary 
les  had  hitherto  been  in  keeping  them  tight.  The  difiTerence 
3en  Mr.  Onion's  engine  and  the  one  at  Portsmouth  dockyard 
^hat  in  the  latter  the  packing  did  not  depend  upon  springs.  All 
be  (Mr.  Bobinson)  was  prepared  to  say  about  that  engine  (Lord 
lonald's)  was  that  it  had  hitherto  done  the  work  which  it  was 
ded  to  do. 

he  Pbesident  asked  if  any  member  was  of  opinion  that  there 
b  loss  of  power  by  the  use  of  the^  crank  They  had  heard  his 
ns  for  asserting  that  there  was  no  loss;  and  he  wished  that 

who  entertained  a  contrary  opinion  should  declare  it. 

Membeb  having  spoken  of  Beale's  rotary  engine,  the  PsESiDEin' 
[  that  he  had  been  concerned  in  having  a  trial  made  of  that 
B  in  a  steamboat  intended  to  carry  passengers  a  short  distance 
[y  half  a  nule,  to  Yarmouth ;  but  when  the  engine  was  put  to 

he  could  not  get  the  boat  to  move  forward,  and  so  the 
iment  fiiiled.  He  managed  to  get  the  boat  to  sea,  and  it  cost 
knd  his  party  £40  to  bring  her  back  again.  As  to  Lord 
^nald's  engine,  he  was  invited  on  one  occasion  to  see  it  tried 
9  Liverpool  and  Manchester  Bailway ;  but  he  refused  to  go, 
)e  he  was  convinced  that  a  fiulure  would  be  the  result ;  and  so 
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it  waa,  &r  the  engine  could  not  be  made  to  draw  a  train  of  empty 
aniages. 

Mr.  BoBmsOH  : — 'Bjib  I  tMnk  jon  will  agree  with  me  that  there 
'n  BO  loss  of  power  canseqnent  upon  the  principle  of  the  rotary 
engine. 

The  Pkssident  : — ^Not  if  yon  make  it  tight. 

Mr.  BoBmsON : — The  object  of  the  rotary  engine  is  to  economise 
q«ee  and  power;  and  if  we  cannot  attain  that  end,  there  is 
Mneihing  wrong  in  tlie  mechanical  means  which  are  made  nse  of. 

Mr.  Benjamin  Gibbons  said  that  the  only  difficolty  with  the 
ntej  engine  was  to  keep  it  tight ;  bnt  after  trying  many  experiments 
to  orercome  that  objection  he  had  never  sncceeded. 


The  Prbsident  then  called  on  Mr.  William  Buckle,  who  read  the 
Allowing  Paper;  having  first  premised  that  he  had  chosen  the 
anbject  in  order  to  give  variety  to  the  proceedings. 


05  k  MACHINE  FOB  PREPARING  BONE  MANURE,  Ac. 

The  object  of  this  oommnnication  is  to  endeavonr  to  direct  the 
attention  of  agiicnltnrists  to  the  nseftilness  of  a  machine  for 
preparing  Bone  Dnst,  which  has  been  found  to  be  a  most  valuable 
mamire.  The  machine  is  alike  available  to  improve  the  nobleman's 
estate  or  the  peasant's  cottage  garden.  An  ash  plant,  an  iron  bar, 
a  pebble  from  the  brook,  and  a  hand  sieve,  furnish  a  bone  mill  for 
aD  thai  a  peasant  requires.  The  arrangement  of  this  machine 
Tedneea  bonee  to  a  state  of  meal,  and  thereby  prepares  them  for 
a  rapid  diange  into  a  state  of  solubility ;  the  rapidiiy  of  the  effects 
of  phosphate  of  lime  on  the  growth  of  plants  depending  upon  its 
greater  or  less  solubility.  In  all  other  mills  I  have  examined,  their 
ooDstmction  merely  provides  for  crushing  the  bones  into  lumps, 
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»b  when  laid  on  the  land  in  that  state  remain  many  yean 
KX>mpo8ed,  producing  meanwhile  little  benefit  to  the  crops, 
n  the  year  1833  my  attention  was  directed  to  this  subject,  the 
ard  of  a  large  estate  in  Oxfordshire  having  requested  me  to 
truct  a  mill  to  grind  bones  as  fine  as  could  possibly  be  done ;  a^ 
3und  in  practice  that  the  bones  prepared  in  the  usual  manner 
\  of  little  benefit.  He  also  objected  to  the  usual  method  of 
ng  the  bones  before  th^  were  crushed  hy  the  rollers.  I 
rdingly  constructed  a  mill,  which  was  driven  by  two  horses,  and 
;h  succeeded  so  well  that  I  was  requested  to  increase  its  power 
to  work  it  by  a  water  wheel  of  three  horse  power.  The  first 
of  turnips  averaged  for  each  turnip  47  inches  in  circumference 
32^  lbs.  in  weight,  produced  fix)m  seed  of  the  red  round  turnip, 
Lved  from  Messrs.  Drummond  and  Son  of  the  Agricultural 
eum  in  Stirling.  They  were  sown  in  May,  and  produced  as 
e  in  October. 

n  the  year  1839  I  constructed  a  bone  mill,  which  was  erected 
n  estate  in  Surrey.  It  was  driven  by  a  water  wheel,  13  feet  in 
leter  and  4  feet  wide ;  with  additional  conveniences  to  the  first 
Ailer  a  careful  course  of  experiments  had  been  gone  through, 
seived  a  letter  from  the  proprietor  of  the  estate,  of  which  the 
wing  is  an  extract : — "  I  am  much  obliged  by  all  the  attention 
have  given  to  my  bone  mill,  with  the  performance  of  which 
a  entirely  satisfied  ;  and  I  hope  something  may  bring  jon 
urds  London,  that  I  may  have  an  opportunity  of  showing  yon 
complete  a  work  of  the  kind  I  have ;  indeed  I  know  of  nothing 
ompete  with  it  for  such  a  puxpose ;  and  the  manner  of  letting 
water  on  to  the  wheel  renders  the  whole  so  safe  and  secure, 
I  have  yet  to  learn  how  we  could  do  better.  Melville  (the 
wrighi  who  has  erected  the  mill)  has  prepared  himself  with 
iriments  in  all  ways,  so  as  to  answer  such  enquiries  as  you  may 
e;  and  being  thus  fortified,  I  will  not  trouble  you  with  any 
il,  but  merely  state  that  we  produce  13  bushels  of  fine  dust  per 
*,  and  that  17  busheLs  of  fine  dust  appears  to  be  the  product  of 
Q  of  raw  bones.  Thus  we  shall  be  able  to  produce  136  bushels 
ost  from  4  tons  of  raw  bones  per  day  of  ten  hours." 
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3  fikvonrable,  the  crop  will  be  abundant.  An  intelligent  and 
ical  farmer  informs  me  that  12  bnshels  of  bone  dost,  each 
».,  were  considered  a  good  dressing  for  an  acre  of  land,  and 
I  if  not  superior  to  12  tons  weight  of  stable  or  fiirmjard  mannre; 
the  finer  the  bone  dnst  is  prepared,  the  sooner  it  will  be 
^ed  into  a  liquid  state,  and  only  in  that  state  would  it,  or  any 
>  manure,  benefit  the  land ;  and  that  bones  prepared  in  the 
[  way  remained  unchanged  in  the  land,  with  little  benefit  to  the 


B  intimately  connected  with  the  subject  of  my  paper,  I  may 
tps  be  allowed  to  allude  to  the  surprising  improvements  which 
1  power  has  efiected  in  agricultural  science.  To  Professor 
g  of  Giessen,  the  leviathan  in  chemistry  of  the  present  century, 
}  world  greatly  indebted  for  his  deep  and  valuable  researches  in 
nd  agriculture.  He  shows  satisfactorily  that  agriculture  is 
a  science  and  an  art.  The  knowledge  of  all  the  conditions  of 
[fe  of  vegetables,  the  origin  of  their  elements,  and  the  sources 
eir  nourishment,  form  its  scientific  basis.  From  this  know- 
we  derive  certain  rules  for  the  exercise  of  the  art :  the  principles 
which  the  mechanical  operations  depend,  the  usefulness  and 
sity  of  these  for  preparing  the  soil  to  support  the  growth  of 
s  and  for  removing  every  obnoxious  influence.  No  experience 
Q  from  the  exercise  of  the  art  can  be  opposed  to  true  scientific 
iples;  because  the  latter  should  include  all  the  results  of 
ical  operations,  and  are  in  some  instances  solely  derived  firom 
.  Theory  must  correspond  with  experience,  because  it  is 
ng  more  than  the  reduction  of  a  series  of  phenomena  to  their 
auses. 

he  vast  improvements  which  have  taken  place  in  Cambridgeshire 
ihe  Bedford  Level  may  be  traced  to  three  primary  causes : — 
^,  the  improvement  in  the  rivers  which  pass  through  the  Level, 
sting  in  strengthening  their  banks,  deepening  their  beds,  and 
3ularly  improving  their  outlets  to  the  sea ;  secondly,  the  sub- 
ion  of  steam  engines  for  draining,  in  lieu  of  the  old  wind  mills; 
ly,  the  introduction  of  "claying,"  now  universally  practised 
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»ns  of  the  steam  dredging  engii^e;  which,  by  removing  hard. 
bstances,  by  deepening  shallow  parts,  and  by  removing  other 
stmctions,  so  as  greatly  to  increase  the  scouring  effect  of  the 
rrent,  has  tended  very  much,  to  the  efficient  draining  ajid 
^serving  of  the  Level. 

The  appHcation  of  the  steam  engine  to  drainage  purposes  "wbb 
3  second  great  step  in  the  improvement  of  the  Bedford  Level. 
ider  the  old  system  of  drainage  by  means  of  wind  mills,  it 
quently  happened  that,  after  a  great  fall  of  rain  accompanied 

high  wind,   a  dead  caJm  of  several  weeks'  continuance  wonld 
x;eed ;  during  which  time  the  mills  were  entirely  useless,  and  the 
.ter  often  overflowed  the  land  in  the  interval,   destroying   the 
»p,  and  rendering  its  cultivation,  particularly  with  winter  grain,  a 
y  precarious  and  often  a  ruinous  venture.     But,  thanks  to  the 
iceptions  of  James  Watt  and  the  creations  of  Soho,  our  fen 
mers  can  now  commit  the  autumnal  seed  to  the  ground  with  as 
Lch  confidence  as  their  neighbours  of  the  surrounding  hills ;  and 
L  hear  the  rains  rattle  against  their  chamber  windows,  through 
I  long  winter  night,  undisturbed  by  a  dream  of  seeing  their  wheat 
ds  under  water  in  the  morning,  a  dream  which  often  broke  the 
t  of  their  fathers  and  awoke  them  to  witness  its  ruinous  realities, 
e  wreaths  of  smoke  issuing  from  the  tall  chimneys  of  the  fen-man's 
am  engines,  like  the  rainbow  to  Noah,  are  hailed  by  them  as  a 
dge  and  promise  that  the  waters  shall  no  more  become  a  flood  to 
itroy  the  fruits  of  their  labours  and  blast  their  harvest  hopes. 

The  third  and  crowning  step  in  the  scale  of  improvement  was 
I  introduction  of  the  process  of  "claying,"  which  took  place 
»ut  twenty  years  ago.  It  must  be  understood  that  the  original 
face  of  the  land,  from  some  unknown  convulsion  of  nature  or 
^logical  disruption,  is  at  present  very  different  from  what  it 
merly  was ;  as  the  evidences  of  its  having  once  been  high  and 
'  land  abundantly  testify,  in  the  sylvan  remains  so  frequently 
nd,  consisting  of  fine  oak  and  other  trees,  the  horns  of  deer,  the 
th  of  wild  boars,  and  bones  and  relics  of  other  forest  animals, 
ice  this  era  it  must  have  been  overflowed  by  the  sea,  as  it.  is 
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oofered,  in  many  places  to  the  depth  of  several  feet,  with  a  marine 
ndiment  of  sOt  or  clay ;  the  deposit  ezhibitdng  both  those  qnalitiee 
in  different  places,  with  all  their  intermediate  mixtures,  from  the 
finest  warp  of  the  ooloxcr  and  consistence  of  mercurial  ointment  for 
the^,  to  silt  as  raw  and  quick  as  can  be  found  on  the  sea  shore  at 
the  present  day ;  and  all  impregnated  more  or  lees  with  saline 
propoties,  indicative  of  their  marine  origin. 

The  present  surface  of  the  Level  consists,  to  the  depth  of  several 
feet,  of  a  black  peat  or  moor  formed  entirely  of  decomposed  vegetable 
matter,  which  has  accumulated  during  the  course  of  a  long  succession 
of  ages,  from  the  abundant  aquatic  vegetation  which  grew  up  and 
rotted  down,  year  after  year,  on  the  sur&ce  of  the  watery  waste. 
This  peat  is  mostly  unmixed  with  the-  clay  above  mentioned,  over 
which  it  forms  a  distinct  superincumbent  stratum.  From  all  this  it 
ippetrs  that  the  sea  must  have  been  excluded  during  the  period  of 
its  formation.  It  must  aLK>  have  been  partially  dry  at  different  eras 
of  its  history,  as  it  abounds  with  the  remains  of  soft-wooded  trees, 
sadi  as  willow,  alder,  birch,  &c\,  which  all  lie  between  the  clay  and 
the  present  sur&ce,  in  all  stages  of  decomposition.  The  peat 
stntam  varies  much  in  depth  in  different  localities,  from  2  feet 
or  less  to  12  feet  or  more ;  depending  in  a  great  measure  on  the 
^nbiige  it  has  undergone  since.  Where  the  water  is  kept  out 
of  k  hy  draining,  it  subsides  and  loses  bulk  veiy  &st,  rendering  it 
Mowsiy  every  few  years  to  lower  the  dip  of  the  water-wheels  of 
the  wind  mills  or  steam  engines  employed  in  draining  it. 

It  will  readily  be  conceived  that  a  soil  so  light  and  porous  as  this 
anst  neoeasarily,  when  drained  sufficiently  for  cultivation,  require 
nme  heavier  mixture  to  render  it  more  compact  and  adhesive  than 
it  naturally  is;  particularly  when  exposed  by  frequent  ploughing  to 
the  evaporating  action  of  the  sun  and  wind.  That  desideratum  is 
^httdantly  supplied  in  the  rich  bed  of  clay  underlying  it,  in  most 
iatanoes  at  such  a  depth  as  to  be  practically  available  for  this 
poipoee.  The  process  of  '^claying,"  as  it  is  technically  termed,  is 
CBtirdy  manual,  and  may  be  briefly  described  as  follows.  The  land 
iBtanded  to  be  clayed,  after  being  properly  cleaned  and  prepared,  is 
I  out  into  pcoaUel  ^'  stetches,*'  from  12  to  16  yards  wide,  by 
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onghman,  who  draws  a  ftirrow  where  every  clay  "dyke"  is 
Elded  to  be.  The  '*  clayer  "  oommences  operations  at  one  end  of 
furrow,  and  marks  out  an  oval,  about  3  feet  by  6  feet ;  and  from 

space  proceeds  to  dig  out  the  peat,  which  he  casts  ont  before 
,  continuing  to  cast  out  spit  after  spit  in  depth,  till  he  oomes  to 

clay.  The  clay  is  thrown  out  on  each  side,  in  eqnal  heaps, 
each  heap  contains  about  a  cubic  yard  in  quantity:  this  is  the 
»ss  for  the  first  hole.  A  space  of  2  or  3  feet  is  left,  and  a  second 
)  commenced,  the  peat  out  of  this  hole  being  thrown  into  the 
),  and  the  clay  on  each  side  as  before,  nothing  but  the  clay  being 
on  the  sur&ce.  The  peat  out  of  each  hole  being  cast  into  the 
ceding  one,  the  heaps  of  clay  are  spread  over  the  land  in  the  same 
'  as  manure,  and  all  the  surface  as  equally  covered  as  can  be. 

fertilising  effect    of   claying    on  soOs  previously    exhausted 

almost  worthless  is  astonishing ;  the  produce  being  frequently 
a  5  to  6  quarters  of  wheat  and  10  quarters  of  oats  per  acre.  It 
:ommon  to  take  two  or  three  "  white  crops "  in  succession 
lout  any  manure ;  and  the  land  is  permanently  benefitted  ever 
r.  The  general  practice  is  to  clay  the  land  in  winter  or  early 
spring  for  oats;  after  which  the  land  is  sown  with  wheat 
Biutumn.  The  land  clayed  in  summer  is  mostly  sown  with 
^seed,  and  fed  off  or  ploughed  in  autumn  for  wheat,  which  is  not 
id  to  succeed  so  well  on  clay  raised  in  autumn,  as  it  is  supposed 
uake  the  land  too  cold  for  the  young  plant  in  the  succeeding 
fcer,  should  the  weather  prove  severe.  The  expense  of  claying 
Ifes  from  £2  to  £3  10«.  per  acre. 

The  introduction  of  claying  has  quite  revolutionised  the 
culture  of  the  fens.  The  old  course,  before  the  adoption  of 
m  drainage  and  other  improvements  for  the  security  of  winter 
s,  was  to  pare  the  sur£BU3e  in  May  or  June,  with  a  plough  adapted 
hat  purpose,  having  a  broad  share,  kept  very  sharp  by  the 
uent  use  of  the  file,  to  the  depth  of  about  2  inches:  after 
)sure  to  the  sun  for  two  or  three  days,  the  ftirrows  or  "flags" 
3  cast  up  into  heaps  and  burnt,  the  soil  being  of  such  a 
bustible  nature  when  dry  that  it  was  soon  reduced  to  ashes; 
these  ashes,  when  spread  over  the  land,  ploughed  in,  and  sown 
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vitk  ookfwort,   produced   grass  on  which  to  feed  sheep  in  the 

fiilknring  winter,  the  land  being  sown  with  oats  in  the  following 

spnng.    A  eeoond  crop  of  oats  was  sown  the  sncoeeding  year,  and 

^  land  ^laid   down"    with  rye  grass  for  two  or  three  years 

neeeedmg ;  when  the  same  course  of  burning  and  cropping  was 

rapoited,  witboat  any  other  manure  than  the  ashes  and  that  left  by 

te  aheep  which  fed  off  the  green  crop.    When  it  became  practicable, 

bj  means  of  improyements  in  the  drainage,  &c.,  to  raise  wheat 

cnps,  the  process  was  the  same.    This  system  was  considered  the 

9epUu  uUra  of  fen  fiEoming  for  several  years ;  bat  it  proved  a  very 

odttuting  process,  as  the  repeated  bnmings  destroyed  too  much  of 

tbe  itaple  of  the  soil :  the  diminished  crops  of  the  ashes  became 

vaker  at  every  repetition  of  the  process;    diminished  crops  of 

eojewort  gave  less  and  less  animal  mannre  to  the  land:   and  the 

system  was  fiist  wearing  itself  out,  when  claying  came  to  the  poor 

fea-Bum's  rescue,  and  a  new  era  commenced  in  fen  &rming,  which 

W  completely  superseded  the  old  system,  and  introduced  in  its  place 

vhat  can  be  called  no  system  at  all,  as  there  are  now  no  regular 

or  rotations  of  crops.     The  land  is  now  almost  universally 

the  plough;    and  when  crop-sick  with  white  com,  it  is 

J«Mwatod  with  green  crops  of  colewort,  swede  turnips,  &o.,  drilled 

i&  with  bones,  rape  cake,  guano,  &c. ;  but  chiefly  with  bones,  which 

ttcued  to  a  great  extent. 


Mr.  GowpEB  asked  what  was  the  shape  of  the  stampers ;  they 
appeared  to  be  in  the  form  of  a  cross. 

Xr.  BvcKLS  repHed  that  the  form  was  that  of  an  inverted  cross. 

Mr.  Ck>wpsB : — ^And  the  weight  of  the  stampers  P 

Mr.  Buckle  : — ^The  centre  one  is  4  cwts.,  the  next  8  owts.,  and 
the  oQtade  stampers  2|  cwts.  each. 

Mr.  Hksbt  Bobixsok  .—What  is  the  height  of  the  stroke  of  the 

lb.  BccKLB : — Sixteen  inches. 
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Mr.  CowPBR : — ^At  what  speed  do  they  go  ? 
Mr.  Buckle  : — Forty  blows  per  minute.  The  power  is  rather 
ler  three  horse  power;  but  the  ordinary  mills  with  rollers  require 
m  fifteen  to  twenty  horses  to  do  the  same  work.  AU  know  that 
ery  heavily  laden  wagon  might  pass  over  a  leg  of  mutton  bone 
ihout  having  any  effect  upon  it,  while  a  smart  stroke  firom  a  knife 
old  be  sufficient  to  break  it;  and  I  kept  that  jfoct  in  view  in 
Lstructing  my  machine. 

Mr.  CowPBR : — Then  you  mean  there  is  a  saving  of  80  per  cent, 
m  not  using  rollers  ? 
Mr.  Buckle  : — I  do. 

Mr.  Gibbons  : — It  appears  to  me  that    the    principle  of  this 
chine  is  that  the  breaking  force  acts,  by  division^  upon  several 
nts;  instead  of  concentrating  all  the  power  to  crush  upon  one 
nt,  as  is  done  by  the  roller  system. 
Mr.  Buckle  : — Precisely  so. 


The  President  then  requested  Mr.  William  Smith,  of  Dudley, 
read  the  following  Paper : — 


ON   HIGH    PRESSURE    STEAM    BOILEIIS, 
AND    ON   BOILER   EXPLOSIONS. 

At  the  last  meeting  I  laid  before  the  Institution  a  tracing  and 
}cription  of  the  steam  boiler  which  recently  exploded  near 
idley  ;  and  although  time  did  not  permit  any  discussion  as  to  the 
irits  or  demerits  of  the  construction  of  that  boiler,  I  think  it  is 
y  evident  that  boilers  of  similar  formation  and  dimensions 
mot  be  safely  used  for  high  pressure  steam,  say  40  to  50  lbs.  per 
lare  inch.     I  make  this  assertion  because  the  great  diameter 
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of  tiifi  outer  shell  renders  it  rerj  liable  to  be  torn  asnnder  by  the 
iittemal  pressiire ;  the  internal  vertical  flue  being  also  of  sucli 
cbieDsionB  that  it  may  be  forced  oat  of  form  and  suddenly  collapsed 
b^  external  pressure :  and  if  that  system  of  boiler  were  to  be  made 
tdd  by  h  large  reduction  of  the  diameter,  it  woxdd  make  them 
m&gnificuit  in  capacity  of  heating  surfSaice  and  generating  power, 
snd  otmsequently  unfit  for  the  purpose  they  are  intended  for, 
lamelj  to  use  the  great  quantity  of  waste  heat  which  escapes  from 
peddling  fbinaces. 

I  bare  prepared  the  accompanying  drawing  of  a  boiler  which  I 
recommend  in  preference  to  those  on  the  above  principle;  being 
Bneh  better  adapted  for  generating  and  for  safely  containing  high 
pRKore  steam ;  and  I  think  more  convenient  in  every  other  respect 
&r  the  above  system  of  heating.  Fig.  1  is  a  sectional  plan  through 
the  boiler,  showing  four  puddling  ^imaces  as  I  propose  placing 
them  to  act  upon  it.  Fig.  2  is  a  longitudinal  section  through  the 
boOer  and  descending  flue  to  the  chimney.  Fig.  3  is  a  longitudinal 
deration  of  No.  2,  with  the  side  view  of  a  puddling  furnace  at  one 
^  and  a  section  through  one  at  the  other  end.  Fig.  4  is  a  cross 
netion  through  the  boiler  and  two  furnaces.  Fig.  5  is  an  end  view 
of  the  brickwork  Ac, 

The  bofler  is  32  feet  long  and  4  feet  9  inches  in  diameter ;  with 
**«  tabes  or  flue  pipes  under  it,  each  36  feet  long  and  1  foot  8  inches 
in  diameter^  and  attached  to  the  boiler  by  three  vertical  pipes, 
10  iachea  in  diameter.  The  flue  pipes  are  made  in  a  bent  form,  so 
M  to  be  highest  at  the  middle  and  drooping  to  each  end,  to  keep 
oitulition  in  the  water.  The  drawing  will  sufficiently  explain 
c^eiy  other  particular  connected  with  this  boiler,  so  that  further 
deicriptian  is  unnecessary.  I  shall  therefore  now  only  point  out  a 
&v  of  the  advantages  it  possesses  over  the  description  of  boiler 
before  nfiened  to. 

Rrvtly,  the  diameters  of  the  cylinders  being  small,  they  may  be 
nude  of  much  thinner  plates,  and  still  be  perfectly  safe  with  a 
gn«ter  pressure  of  steam. 

Secondly,  the  heating  snrfi&ce  is  large  and  concentrated,  without 
ending  flim,  bo  that  much  steam  will  be  generated. 
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hirdlj,  the  area  of  water  snr&ce  being  much  larger,  there  will 

}8  difficulty  in  maintaining  its  proper  level. 

oorthly,   the    steam   and   water  space   and    heating    surface 

onise  in  their  proportions. 

ifthly,  the  great  facility  for  cleaning  ont.     This  is  an  object  of 

^st  importance   in  the  construction  of  all  kinds  of  steam 

rs ;  as  it  is  well  known  that,  where  any  difficulty  exists  in 

rming  that  operation,  the  chances  are  that  it  will  either  be 

rfectly  done  or  left  undone  altogether;  which  is  one  cause  of 

'  of  the  feital  explosions  that  so  frequently  happen  with  land 

•s. 

do  not  wish  to  enter  at  any  length  on  the  theory  of  explosions ; 
lerely  to  state  my  conviction  that  to  one  of  the  three  following 
s  are  to  be  attributed  all  the  accidents  to  steam  boilers  : — ^first, 
irmation  for  the  working  pressure  and  quantity  of  steam 
red ;  second,  want  of  proper  care  to  fit  every  boiler  with 
T  steam  and  water  indicators ;  and  third,  neglect  of  cleaning 
i  proper  times.  It  is  a  lamentable  fact  that  many  boilers 
mely  liable  to  accident  fix»m  one  or  other  of  the  above  causes 
till  in  use ;  and  I  think  the  following  reasons  will  to  a  great 
t  account  for  so  bad  a  state  of  things  existing,  in  a  countrj 
rhere  so  much  engineering  skill  may  always  be  procured  to 
y  defects. 

especting  malformation,  I  would  state  that  persons  about  to 
erections  for  steam  power  generally  make  the  first  outlay 
pital  a  leading  consideration ;  and  consequently  cramp  the 
isions  of  their  engines,  so  that  the  engines  are  just  calculated 
)  the  work  required,  with  nothing  to  spare.  Soon  however 
extra  machinery  is  introduced  into  the  establishment ;  and  the 
le  being  found  defective  in  power  with  the  original  pressure, 
[tra  load  is  immediately  put  upon  the  safety  valves  of  the 
' ;  and  this  process  is  repeated  time  after  time,  as  each  Httle 
ional  machine  may  require  the  extra  power.  It  follows  that 
oilers  which  were  prudently  arranged  to  do  the  work  in  the  first 
ice  are  at  last  a  malformation  for  the  increased  pressure,  and 
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therefore  work  in  a  highly  dangerous  state  ;  whilst  the  unsuspecting 
operatiTes  may  be  seen  crowding  round  to  warm  themselves  at 
meal  times,  when  the  danger  is  probably  greatest. 

Then  as  to  defective  steam  and  water  indicators,  I  have  always 
observed  that  land  engine  boilers  are  not  so  efficiently  fitted  with 
these  instruments  of  safety  as  marine  and  locomotive  boilers ; 
althovgh  I  think  it  is  very  necessary  that  they  should  be  so,  seeing 
that  a  number  of  them  are  frequently  leR,  to  the  charge  of  one 
bdividual,  with  other  duties  requiring  much  of  his  time  and 
attention :  whereas  the  indicators  of  marine  and  locomotive  boilers 
are  constantly  under  the  eye  of  one  or  more  engineers,  of  well 
proved  character  and  ability  for  the  duties  required ;  and  moreover 
engineers  of  a  higher  class  are  always  resident  at  the  principal 
stalionB,  investied  with  power  to  examine  engines  and  to  inspect  the 
whole  machinery  periodically.  I  have  shown  on  the  accompanying 
drawing  all  the  indicators  which  I  consider  necessary  for  a  high 
pressure  boiler  in  ordinary  circumstances.  They  are  as  follow : — 
one  feed  cock  or  valve,  one  float  water-gauge  with  stand  and  wheel 
and  connteTbaJanoe,  one  glass  water-gauge,  one  steam  whistle  also 
fcr  a  water-gauge,  and  two  safety  valves,  one  of  them  locked  up. 
For  bw  pressure  boilers  I  think  the  open-top  feed-pipe,  with  open 
pipe  ibr  the  float  wire  to  work  through,  is  a  very  perfect  apparatus 
to  prevent  the  steam  from  rising  too  high  or  the  water  from  getting 
too  low. 

Respecting  the  keeping  of  boilers  clean,  I  have  seen  that  process 
veiT  imperfectly  performed  and  often  altogether  neglected  in 
establishments  where  a  sufficient  number  of  spare  boilers  are  not 
provided  and  where  there  is  no  time  to  have  the  boiler  cooled  down 
for  men  to  remain  in  it  to  do  the  work  properly :  but  I  beheve  that 
the  greatest  cause  of  neglect  in  this  most  important  matter  is  its 
being  generally  looked  upon  as  a  thankless  sort  of  job;  the 
engineman  always  looking  upon  it  as  an  extra  duty  for  which  he 
claims  extra  allowance,  and  the  master  considering  that  he  pays 
enough  to  the  engineman  for  that  and  his  other  duties.  The 
results  consequent  upon  inattention  to  boiler  cleaning  require  no 
comment  here ;  and  every  practical  engineer  knows  that,  if  actual 

c 
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on  does  not  happen,  the  wear  and  tear  npon  those  parts  most 
d  to  the  fe^  must  be  greatly  increased,  thereby  keeping  np  a 
expense  in  repairs,  independent  of  the  inmiense  quantity 
a  i^el  that  is  required  to  keep  up  the  steam, 
rust  that  these  remarks  will  suffice  to  draw  the  attention 
members  of  the  Institution  to  this  highly  important  subject ; 
at  the  proprietors  of  steam  power  may  be  convinced  that  the 
)xtra  outlay  required  to  make  their  boilers  perfectly  safe  will 
•e  than  repaid  by  the  economy  in  working. 


.   Henrt    Smith   said  that   one   disadvantage   of  the  plan 
ed  was  the  large  amount  of  room  which  the  boiler  would 
^ ;  and  that  space  was  often  a  great  object  to  gain  in  works. 
.  Gibbons  thought  that  less  space  would  be  occupied  than 

.  Smith  observed  in  reply  that  on  an  investigation  the 
on  would  be  found  not  to  apply  to  his  boiler,  which  had 
ling  in  its  fitvour  as  to  size  over  the  ordinary  boiler, 
L  not  much. 

.  Buckle  remarked  that  he  had  had  frequent  opportunities 
lerving   the   reckless   manner    in    which  the  fitting  up  of 

boilers  was  carried  on  in  Staffordshire,  to  which  however 
f  ere  some  exceptions.  The  upper  part  of  them  was  generally 
i  to  the  weather,  a  system  which  in  most  cases  was  attended 
oinous  loss.  He  thought  that  it  would  tend  greatly  to 
the  number  of  those  fearful  boiler  explosions  which  had 
;kly  followed  each   other   of  late,  and  would  also  be  the 

of  effecting  a  ^reat  saving  to  the  proprietors  of  the 
)us  ironworks  in  Staffordshire  and  other  districts,  if  a 
[tending  engineer  who  thoroughly  understood  his  profession 
^pointed  to  examine  periodically  the  condition  of  the  engines 
ilers  employed  in  these  works.  It  was  to  him  perfectly 
hing  that  such  immense  ranges  of  boilers  should  be  left 
bely  exposed  to  the  weather,  as   was   oflen   the  case.     ^ 
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ihe  year  1832  he  was  sent  for  to  Bilston,  to  superintend  the 
roonation  of  an  old  blaat  engine :  he  had  satisfactorily  completed 
the  undertaking,  when,  the  season  being  that  of  harvest,  a  thunder 
8tonn  aocompanied  by  tremendous  rain  came  on ;  and  when  he  was 
expecdng  that  everything  was  right,  the  engine  completely  stopped. 
He  thereupon  tried  the  safety  valves  of  the  boiler,  but  not  a  breath 
of  steun  came  from.  tbem.  The  steam  had  become  condensed  by 
tbe  exposnre  of  the  boiler  to  the  storm ;  and  no  excuse  could  be 
offered  for  such  gross  neglect,  as  materials  for  covering  were  to 
be  had  quite  at  hand  and  would  cost  but  little.  He  believed  that  a 
handsome  fortune  might  be  made  by  covering  up  the  boilers. 

Mr.  FoTHERaiLL  enquired  of  Mr.  Smith  whether  his  boiler 
WW  not  what  was  termed  a  "  French  boiler." 

Mr.  Smith  replied  that  it  was ;  he  had  made  them  in  France. 

Mr.  FoTHBBGiLL : — ^Are  they  not  apt  to  crack  on  the  upper 
m&oe  of  the  lower  tube,  and  on  that  account  subject  to  frequent 
oompkinia  ? 

Mr.  Smitb  : — They  never  have  cracked  to  my  knowledge. 

Mr.  FoTHKEGiLL  thought  that  there  woxdd  be  a  tendency  to 
cnek  in  the  upper  sur&ce  of  the  lower  tube;  and  also  that 
grcster  wear  and  tear  than  could  be  anticipated  would  be 
ooaaaned  by  the  exposure  of  the  lower  tube  to  a  greater  amount 
of  heat  and  the  action  of  the  fire  than  the  upper  one. 

Mr.  Smith  did  not  think  that  the  tube  would  be  liable  to  such 
an  injmy,  because  the  circulation  of  water  was  kept  up. 

Mr.  CowpsB  suggested  the  lengthening  of  the  tube,  on  the 
prindi^  ^^  lengthening  a  chinmey  to  get  a  better  draught. 

Mr.  Smith  considered  that  such  an  alteration  might  be  an 
•drantage. 

Mr.  CowpKB  remarked  that,  as  a  protection  from  the  white  heat 
of  a  blast  fbmace,  there  ought  to  be  a  parapet  wall.  He  thought 
that  the  boiler  would  be  far  preferable  if  parts  of  it  were  covered 
with  brickwork. 

Mr.  Smith  said  that  the  operation  of  the  heat  on  the  tube  was 
caaaaoa  to  other  descriptions  of  boilers  in  blast  frimaces ;  and  that 
tbe  operation  was  not  greater  in  his  than  in  any  other  case. 
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Mr.  McCoNKELL  thought  that  there  should  be  an  indicator  t€ 
enable  the  man  who  attended  to  the  boiler  to  ascertain  when  the 
circulation  between  the  lower  and  upper  tube  was  impeded.  H 
appeared  to  him  that  there  was  reason  to  fear  that  the  lower  tube 
might  be  deprived  of  water. 

Mr.  Smith  had  never  seen  or  heard  of  such  a  thing  having 
occurred ;  neither  did  he  see  that  it  was  likely  or  possible.  If  the 
boiler  was  half  filled  with  water,  the  tubes  were  of  such  dimensions, 
being  10  inches  in  diameter,  that  he  did  not  see  how  any  part  could 
get  clear  of  water. 

Mr.  McCoNNELL  said  that  accident  had  actually  occurred  at  the 
salt  works  at  Droitwich :  the  lower  vessels  &om  a  want  of  circulation 
were  deprived  of  water,  and  an  explosion  took  place.  In  that  case 
there  were  greater  facilities  for  the  circulation  of  water  than  were 
allowed  by  Mr.  Smith.  The  cause  of  the  accident  was  the  lower 
vessel  being  deprived  of  water,  and  the  consequent  rapid  generation 
of  steam.  Fortunately  at  the  moment  of  the  explosion  the  men 
were  at  dinner ;  but  had  it  happened  only  five  minutes  before,  fifty 
or  sixty  persons  would  have  been  killed;  as  it  was,  three  or 
four  only  suffered.  If  Mr.  Smith's  boiler  were  brought  into 
general  use,  some  detector  apparatus  should  be  employed,  to 
ascertain  whether  the  upper  vessel  was  doing  its  duty  by  circulating 
the  water  to  the  other  one. 

Mr.  Bamsbottom  was  of  opinion  that  an  improvement  would  be 
effected  in  the  boiler  by  making  the  generating  cylinders  lowest 
in  the  middle,  and  inverting  the  direction  of  the  circulation  by 
having  the  descending  current  in  the  centre  tube.  The  greater 
part  of  the  steam  which  was  generated  near  the  ends  of  the  lower 
cylinders  would  not  then  have  to  pass  along  into  the  centre  tube, 
but  would  find  its  way  immediately  through  the  end  tubes  into  the 
steam  chamber ;  the  circulation  would  therefore  be  much  more  rapid. 

Mr.  Smith  said  that  he  felt  gratified  by  the  various  suggestions 
that  had  been  made.  They  would  induce  him  to  turn  his  attention 
to  the  means  of  improving  the  boiler  brought  before  the  meeting ; 
but  he  trusted  they  were  all  of  opinion  that  it  was  infinitely  better 
adapted  for  its  purpose  than  those  now  in  use. 
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Hr.  BoBiKSOK  B&id  he  should  like  to  know  whether  in  any  case 
hest  would  injure  hoiler  plates  where  there  was  a  constant  supply 
ofvster. 

Mr.  CowPER  said  he  conld  take  upon  himself  from  experience  to 
answer  tHe  question  in  the  affirmative. 

Mr.  FoTHERGiLL  said  he  would  take  leaye  to  exhibit  the  drawing 
of  a  IxMkr  which  had  recently  exploded  in  Manchester,  sacrificing 
tiiiiieen  or  fourteen  HTes.  The  hoiler  showed  such  singnlor  rents 
tint  he  had  been  induced  to  have  a  drawing  of  it  made  by  an  artist ; 
ind  he  had  purchased  the  boiler  and  presented  it  to  the 
Manchester  Mechanics'  Institution.  The '  drawing  clearly  showed 
the  consequences  of  that  kind  of  boiler  getting  out  of  repair ;  and 
he  considered  that  the  observations  of  Mr.  Smith  were  most 
important.  Every  member  woxdd  be  satisfied  that  if  the  sacrifice  of 
hfe  on  the  explosion  of  a  small  boiler,  such  as  he  had  referred  to,  was 
to  serious,  tlie  result  of  the  explosion  of  one  of  a  larger  class 
earning  a  greater  pressure  must  be  fearM  indeed,  unless  proper 
attention  were  paid  to  the  protection  of  the  Hves  of  the  men  who 
W  to  attend  to  them.  He  was  collecting  particulars  respecting  the 
explosion  of  the  boiler  to  which  he  referred ;  and  he  intended  to  lay 
them  before  the  Institution  at  some  foture  meeting. 

Mr.  Gibbons  said  that,  in  the  cases  which  had  been  referred  to, 
the  esploeions  would  have  been  guarded  against  by  a  simple 
UKh'cator  like  the  following : — a  gas  pipe  of  any  diameter  inserted 
thitnigli  the  top  of  the  boiler  down  to  a  safety  line  in  the  water,  to 
he  acted  upon  by  hydrostatic  pressure,  so  as  to  show  the  pressure  of 
the  steam  and  also  any  deficiency  of  water  in  the  boiler ;  these 
heing  the  two  causes  from  which  explosions  of  high  pressure  boilers 
principally  iffose.  This  indicator  might  be  of  any  diameter,  say 
1 1  inches,  to  be  open  at  both  ends,  affixed  to  the  engine  chimney, 
and  lengthened  upwards  to  whatever  height  the  pressure  of  the 
Bteam  in  the  boiler  might  require ;  calculating  2  feet  of  perpendicular 
height  for  every  lb.  of  steam  pressure  per  square  inch.  Suppose 
the  water  to  get  below  the  safety  line,  the  steam  would  rush  out  at 
the  top  of  the  pipe ;  and  suppose  the  safety  valve  to  be  overloaded 
ur  not  to  act,  the  water  would  be  ejected  at  the  top,  thus  giving  an 
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istantaaeoiiB  alarm  to  the  engineer  and  workmen.  The  cost  of 
be  whole  thing  would  be  very  trifling ;  it  conld  easily  be  applied, 
nd  would  not  be  liable  to  get  out  of  order. 

The  President  remarked  that  the  suggestion  of  Mr.  Gibbons 
ras  not  new,  for  such  a  pipe  had  long  been  known  as  the  alarm 
ipe. 

Mr.  Gibbons  considered  it  was  desirable  that  its  utility  should  be 
lore  generally  known. 

On  the  motion  of  Mr.  MgConnell  a  Yote  of  thanks  was 
nanimously  accorded  to  Mr.  Smith  for  his  valuable  paper. 


The  following  Paper,  by  Mr.  Charles  De  Bergue,  of  London,  was 
len  read: — 


N  A  STATION  AND  COLLISION  BREAK  APPARATUS. 

The  subject  to  which  this  paper  refers  is  an  improved  apparatus 
itended  to  act  as  a  Station  Buffer  or  Break,  for  arresting  the 
ipetus  of  any  engine  or  train  that  may  have  entered  a  station 
;  too  great  a  velocity.  It  is  also  proposed  to  apply  the  same  to 
.ggage  vans  accompanying  trains,  in  order  to  lessen  the  injurious 
fects  of  collisions  on  railways  ;  but  first  it  will  be  more  particularlj 
iferred  to  as  a  station  buffer. 

To  render  a  station  buffer  as  effectual  as  possible,  it  should 
)mbine  the  four  following  conditions  : — 

Firstly,  it  should  move  through  as  much  space  as,  in  the 
rangement  of  the  machine,  is  consistent  with  moderate  proportions 
id  economy. 

Secondly,  its  power  of  resistance  at  the  commencement  of  the 
roke  should  be  rather  under  the  average  amount  that  will  drive 
>me  the  ordinaiy  carriage  buffers  ;  say  about  8  tons. 
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Tlnrdliy,  its  resistm^  power  shoTild  be  made  to  increafie  gradually 
tVmgh  the  whole  range  of  action,  so  that  before  the  stroke  is 
qnile  completed  tbe  resiating  force  should  be  nearly  as  much  as  the 
under-firsmeB  of  the  carriages  would  be  able  to  bear  withont  breaking 
or  ooDapsixig ;  probably  from  12  to  16  tons. 

Tonzihly,    it   must    not    have    any    recoil   action   after  being 

unvcu  up. 

Snppodng  a  train,  witii  a  momentom  equal  to  100  tons  moying 

tkroogh  1  foot  of  space,  to  come  in  contact  with  a  station  buffer,  it 

would  be  requisite,  to  enable  the  station  buffer  to  arrest  the  impetus 

of  the  train,  that  the  resisting  power  and  the  length  of  the  stroke 

riKnild  be  in  proportion  to  each  other.    A  station  buffer  haying  but 

1  fiwi  of  action  would  require  a  resisting  power  of  100  tons  to 

anest  the  above  train ;    but  in  this  case  the  carriages  would  be 

■mashed  fay  the  collision :   yet  if  the  station  buffer  were  made  to 

more  through  a  space  of  10  feet,  then  a  uniform  resistance  of 

10  tons  would  suffice  to  arrest  the  train  ;  but,  although  in  this  case 

a  resisting  power  of  10  tons  at  the  commencement  and  throughout 

te  stroke-  might  not  actually  cause  the  carriages  to  be  smashed, 

^  psasongoro  would  receiye  so   severe   a   concussion  that  the 

eoBseqiiences  might  be  equally  disastrous.     If  the  resisting  power 

We  made  to  commence  at  3  tons,  and  were  kept  progressing  in 

•adi  %  ratio  throughout  the  10  feet,  without  exceeding  16  tons  at 

^  end,  that  the  average  resistance  would  still  be  equal  to  10  tons 

moving  through  10  feet,  the  train  would  then  be  brought  up  without 

sostabiing  any  damage.     This  would  be  the  maximum  use^  effect 

that  could  under  any   circumstances  be  produced  by  a  station 

buffer  having  a  10  feet  stroke  with  a  resistance  ranging  between 

3  and  16  tons.    The  resisting  power  of  such  a  huSer  would  be 

equal  to  1  ton  through  a  space  of  100  feet,  or  to  100  tons  through 

1  foot ;  and  its  power  may  be  increased  or  reduced  by  increasing  or 

reducing  the  length  of  stroke. 

This  is  the  result  which  has  been  sought  to  be  obtained  by 
arranging  this  buffing  apparatus,  a  working  model  of  which  is 
now  before  the  meeting.     It  is  made  to  a  scale  of  one-eighth  Ml 
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ze;  its  power  and  weight  are  as  the  cube  or  as  1  to  512.  It 
spresents  a  strong  nnder-frame  of  a  railway  carriage,  supported  as 

customary  on  wheels  and  axles.  The  buffer  rods  are  in  the  same 
)sition  as  usual,  but  are  much  longer  and  larger  in  diameter  :  they 
•e  intended  to  be  made  of  welded  wrought  iron  tubes,  34  inches  in 
ameter,  for  obtaining  strength  without  too  much  weight.  They 
and  out  4  feet  at  each  end  of  the  carriage,  and  terminate  inside 
.  wrought  iron  racks,  the  teeth  of  which  are  cut  out  of  the  solid, 
bese  racks  must  be  made  of  a  suitable  breadth,  and  with  a  pitch 
'  sufficient  strength  to  resist  the  mayimum  power  they  are  intended 

sustain.  The  racks  of  one  end  of  the  carriage  are  turned  with 
leir  teeth  upwards,  and  those  of  the  other  end  with  their  teeth 
)wnwards  ;  and  they  are  placed  so  as  to  admit  the  passage  between 
lem  of  the  pinions  which  gear  simultaneously  into  the  two  racks. 

strong  wrought  iron  transverse  shaft  or  axle  passes  .directly  across 
le  centre  of  the  carriage,  being  fitted  in  bearings  in  the  side 
lams.  On  each  end  of  this  shaft  a  wrought  iron  pinion  is  formed, 
hich  should  be  forged  in  one  piece  with  the  shaft,  the  teeth  being 
terwards  cut  out  of  the  solid,  in  order  to  render  them  sufficiently 
rong  £dr  the  purpose.  A  Motion  drum  is  securely  keyed  on  the 
intre  of  this  shaft ;  this  drum  is  surrounded  by  two  steel  Motion 
)lts,  which  take  about  a  turn  and  a  quarter  round  it,  being  made  &st 
I  one  end  to  one  of  the  cross  stays,  while  the  other  ends  are  attached 

the  vertical  arms  of  two  levers,  the  other  ends  of  these  levers 
>ing  subject  to  depression  by  the  action  of  two  small  springs, 
hich  are  so  arranged  that  when  the  apparatus  is  put  in  motion 
le  pressure  on  the  ends  of  the  levers  increases  in  proportion  as  the 
iffer  rods  are  required  to  oppose  greater  resistance. 

As  the  model  will  be  readily  understood  by  the  members  of  this 
eeting,  it  will  be  useless  to  give  a  minute  and  tedious  description 
*  it;  a  few  general  observations  will  therefore  suffice.  It  will  be 
)served  that  the  principal  feature  about  this  invention  consists  in 
'oducing  the  resisting  power  of  the  buffers  by  means  of  a  friction 
■eak,  so  combined  as  to  effect  an  increasing  amount  of  resistance 
iroughout  the  range  of  the  stroke;  and  that,  as  this  resisting 
)wer  is  effected  by  mechanical  means,  it  is  susceptible  of  beingr 
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modified  almost  to  any  extent,  as  regards  its  length  of  stroke  and 
amonnt  of  resistance  dnring  its  range  of  action ;  and  that  it 
possesses  the  great  advantage  of  having  no  recoil. 

The  model  before  the  meeting  is  intended,  as  the  nnder-firame  of 
a  Inggage  van,  to  be  placed  between  the  back  of  a  tender  and  the 
carriages  composing  a  passenger  train,  or  at  the  back  of  a  train  on 
foggy  nights,  in  the  event  of  another  train  running  into  it.  This 
model  represents  8  feet  of  stroke  for  the  buffers ;  supposing  the 
resisting  power  to  average  only  10  tons,  it  would  be  equal  to  destroy 
a  momentum  of  1  ton  through  80  feet,  or  80  tons  through  1  foot. 
This  would  be  a  considerably  more  effective  buffer  than  any  station 
buffer  now  in  use.  It  may  be  presumed,  if  a  good  and  powerful 
buffer  could  be  of  any  nse  in  a  station,  that  this  apparatus  must  be 
of  some  service  in  a  train  in  the  event  of  a  collision ;  especially  when 
it  happens,  as  it  frequently  has  done,  that  the  speed  of  the  train  has 
been  very  considerably  reduced  before  the  colKsion  actually  takes 
place. 

It  is  intended  to  make  several  modifications  in  the  model  for  its 
special  application  as  a  station  break,  and  particularly  to  give  it 
more  length  of  action. 


Mr.  De  BERonE  at  the  request  of  the  President  explained  the 
ronatmction  and  action  of  a  model  carriage  fitted  up  with  his 
apparatus.  It  was  then  resolved  to  postpone  the  consideration  of 
the  snbject  until  the  next  meeting. 


The  President  stated  that  several  meetings  of  the  Committee 
of  Council*  appointed  to  alter  and  amend  the  Rules  and  Bye-laws, 
had  been  held ;  and  that  the  result  of  their  labours  would  in  a  short 
time  be  submitted  to  the  Members  for  their  approval. 

p 
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The  Ballot  Lists  having  been  opened,  it  was  announced  that  the 
wing  gentlemen  had  been  elected  Members  and  Honorary 
ibers: — 

MEMBERS. 

.  Adams,  Midland  Works,  Smethwick,  near  Birmingham. 

Bourne,  Engineer,  11  Savage  Qardens,  London, 
erick  Braithwaite,  9  Adam  Street,  Adelphi,  London. 

Braithwaite,  89  Bedford  Square,  London, 
i  Bnm,  Busy  Cottage  Iron  Works,  Newcastle-on-Tyne. 

n  Clark,  Assistant  Engineer  of  the  Conway  and  Britannia  Tubular  Bridges, 
Conway. 

rt  Daglish,  Jun.,  Messrs.  B.  Daglish  Jon.  and  Co.,  Engineers,  St.  Helen's, 
Lancashire. 

Davidson,  Aberdeen  Railway,  Drumduan,  near  Aberdeen, 
h  Davies,  Engineer,  44  Bromsgrove  Street,  Birmingham, 
am  Denny,  Messrs.  Denny  Brothers,  Iron  Ship  Builders,  Dumbarton. 
•  Fairbaim,  Messrs.  P.  Fairbaim  and  Co.,  Wellington  Foundry,  Leeds, 
mder  Fulton,  Lancefield  Forge,  Glasgow. 

las  Gibbins,  Manager  of  the  Battery  Company's  Metal  Works,  Digbeth, 
Birmingham. 

aas  Greenwood,  Wellington  Foundry,  Leeds, 
am  Hamer,  Carriage  Builder,  Leicester, 
ard  Harrison,  Engineer,  Leeds. 

am  Hawthorn,  Locomotive  Engine  Works,  Newcastle-on-Tyne. 
am  W.  Hewitson,  Messrs.  Eatson  and  Co.,  Airedale  Foundry,  Leeds. 

Homersham,  Consulting  Engineer,  John  Street,  Adelphi,  London. 
>d  S.  Jee,  6  John  Street,  Adelphi,  London. 

Kirkham,  Engineer  of  the  Imperial  Gas  Works,  3  Tonbridge  Place,  Enston 
Square,  London. 

»  Kitson,  Messrs.  Kitson  and  Co.,  Airedale  Foundry,  Leeds, 
jather,  Engineer,  Leventhorpe  Hall,  near  Leeds, 
aas  W.  Lord,  Messrs.  Lord  and  Brook,  Machinists,  Leeds, 
-er  F.  MacGregor,  Yauxhall  Foundry,  Liverpool. 

[cPherson,  Marine  Engineer-in-Chief  to  the  Emperor  of  Russia,  St.  Petersburg. 
.  Mudie,  Messrs.  Gourlay  and  Mudie,  Dundee  Foundry,  Dundee. 

Napier,  Messrs.  Robert  Napier  and  Sons,  Marine  Engineers,  Glasgow. 
cr  Ncilson,  Messrs.  W.  Neilson  and  Co.,  Hyde  Park  Iron  Works,  Glasgow, 
laol  Norton,  Engineer,  Eccles  New  Road,  Manchester, 
ge  H.  Philipson,  Engineer,  93  Pilgrim  Street,  Newcastle-on-Tyne. 
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J^OTICB   OP   THE    LIFE   AND    CHARACTER 

OV  SHB  LAXB 

GEOKOE    STEPHENSON, 

PntST     PKBSIDENt     OF    THE     mSTITUTION    OF     MECHANICAL     ENOINSSB8 ; 

Prepwredf  by  desire  of  the  Cotmcil, 

BY     J.     SCOTT     RUSSELL, 

on    OV    THS    XaiCBBBB    OV    THX    OOWCIL. 


I  wisli  I  could  address  myself  to  the  business  of  this  evening  witl 
a  feeling  that  the  dutj  which  yon  have  devolved  npon  me  were  lesi 
inevitable,  or  more  worthily  performed.  We  have  met  to  deplor* 
the  loss,  not  merely  of  one  of  the  founders  of  onr  Society,  but  al8< 
of  a  personal  Mend,  whom  we  have  long  regarded  with  reverence 
and  affection.  Had  these  feelings  of  affection  been  alone  regarded 
perhaps  onr  monmM  silence  would  have  formed  the  most  expressivt 
exponent  of  our  grief;  but  the  expression  of  our  grief  is  the  least  o 
our  duties.  Li  our  late  President,  England  has  lost  one  of  her  mos 
distinguished  men,  the  world  one  of  its  great  benefactors. 

It  is  not  as  our  President  merely,  standing  as  such  at  the  heac 
of  the  Mechanical  Engineers  of  Britain,  that  the  name  of  Stephensoi 
will  be  known  to  posterity ;  he  will  be  known  to  posterity  as  th( 
presiding  Genius  of  our  times  :  for  of  this  we  may  be  firmly  assured 
that  the  times  in  which  we  live  will  be  known  to  posterity  as  th( 
era  in  which  Railways  and  the  Locomotive  Engine  were  firsl 
introduced  as  elements  of  social  progress.  It  wiQ  be  recorded,  tha^ 
about  the  middle  of  the  nineteenth  century  Locomotives  first  begai 
to  run  upon  Railways,  and  that  George  Stephenson,  the  President 
of  the  Institution  of  Mechanical  Engineers,  was  the  man  to  whose 
original  genius  chiefly  the  world  vras  indebted  for  the  discovery. 

It  is  difficult  for  us,  to  whom  the  words  RaQway  and  Locomotive 
are  household  words,  to  us  who  live,  move,  and  have  our  being 
among  Railways  and  their  manifold  social  results,  to  go  back  again, 
even  in  imagination,  to  the  beginning  of  the  twenty  years  ago  when 
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we  were  irithout  ihexn.      So  fiust  indeed  we  maj  be  said  to  have 

lired  tkrongli  these  twenty  years,  so  mncli  we  have  been  able  to 

tnrel  oyer  and  see  ajid  learn  and  do,  that  it  seems  longer  to  go 

back  orer  these  twenty  years  than  over  centuries  of  the  slower  times 

tbat  went  before.     We,  who  hare  each  of  ns  this  day  come  onr 

Inmdreds  of  miles  to  this  meeting,  and  may  still  have  to  return 

Inindieds  of  miles   to   onr   homes  this  night,  shall  find  it  hard 

to  bdieve  in  the  records  of  perils,  privations,  and  delays,  which 

bnt  a  few  years  ago  made  a  jonmey  from  Newcastle  to  Birmingham 

one  of  those  serions  undertakings  of  life  which   were  anticipated 

with  apprehension,  and  recollected  with  congratulation.     We  now 

do  more   work,   see  more   society,   acquire   more  knowledge  by 

penonal  observation,  in  one  day  of  railway  life,  than  we  were  wont 

to  do  in  weeks  of  "the  good  old  time."      It  will  be  necessary 

kmever  to  task  onr  imaginations,  and  eo  back  to  the  times  before 

Stephenson,  in  order  dnly  to  appreciate  the  full  value  of  the  benefits 

wUeh  his  labours  have  conferred  upon  us. 

It  IB  not  however  alone  with  what  George  Stephenson  did  that 
we  are  conoemed ;  still  more  important  is  it  for  us  to  consider  what 
George  Stephenson  was.  His  title  to  our  gratitude  is  no  doubt 
great;  but  his  claim  to  our  admiration,  as  a  man,  is  still  greater. 
As  a  plain  labouring  workman  we  first  find  him  distinguished  by 
Ina  untiring  industry,  by  his  zeal  for  the  interests  of  his  employers, 
and  by  his  steadiness,  sobriety,  and  honesty.  We  next  find  him, 
after  having  mastered  all  the  details  and  drudgery  of  his  business, 
ooniiiiiiaUy  on  the  watch  for  improvements,  cultivating  habits  of 
aocarate  observation,  and  spending  every  leisure  moment  in 
dassifying  and  comparing  the  results  of  his  own  observation,  and  in 
dwincmg  from  them  hints  for  future  improvement.  Did  an  accident 
oeeor  in  his  mine,  his  whole  thoughts  were  immediately  directed  to 
the  means  of  preventing  its  recurrence.  His  business,  in  the  humble 
ei^iacity  of  a  breaksman,  took  him  casually  to  the  vicinity  of  a 
oondensing  steam  engine,  where  the  property  of  his  master,  through 
ignoraQce  and  mismanagement,  was  in  danger  of  suffering  serious 
The  yoong  breaksman  had  already  careMly  studied  the 
» of  its  parts,  and  thought  over  the  principles  of  its  construction ; 
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the  regular  engineer  had  been  baffled  in  his  remedies,  and  despaired 
of  a  core ;  but  the  jonthftd  breaksman  confided  in  the  strength  of 
his  convictions  and  boldly  undertook  the  task  of  refitting  the 
machine ;  the  stabbom  engine  became  at  once,  in  his  hands,  obedient 
and  nBeM ;  he  had  discoyered  for  himself  the  secrets  of  the  steam 
engine ;  and  at  five  and  twenty  the  young  coal- worker  had  become 
a  Mechanical  Engineer. 

Thus  early  were  the  results  of  his  self-education  manifest.  He 
had  mastered  the  discoveries  of  Watt.  It  is  true  indeed  his  whole 
life  had  been  one  of  discovery ;  but  as  yet  he  had  discovered  no  more 
than  those  who  had  gone  before  him.  His  had  been  the  best  of  aU 
education, — ^the  education  which  a  truth-loving  mind,  working  its 
way  among  dead  matter  and  wrestling  with  the  laws  of  nature, 
receives  directly  fifom  nature  herself, — an  education  fer  more  profound 
and  prolific  than  words,  boojos,  or  lectures  can  ever  impart.^  He  had 
learned  the  laws  of  nature  at  first  hand,  and  by  experience ;  he  knew 
partially  what  the  true  properties  of  matter  were ;  he  felt  that  what 
they  were  was  exactly  what  they  ought  to  have  been ;  and  however 
indefinitely  he  might  be  able  to  give  reasons  to  others  fi>r  his  belief, 
yet  one  of  the  most  valuable  results  of  his  practical  self-education  was 
to  give  him  that  implicit  confidence  in  his  own  right  understanding 
of  nature,  which  carried  him  so  boldly  through  the  herculean 
undertakings  of  his  future  life.  The  whole  first  years  of  his  early  life 
were,  in  this  way,  one  continued  chain  of  discovery.  Who  can  tell 
the  pleasure,  or  weigh  the  profit,  which  such  an  education  bestows 
on  the  simple  and  correct  student,  compared  to  the  formality  of 
written  dissertations  and  the  dryness  of  second-hand  knowledge. 

As  yet,  we  have  said,  he  had  discovered  nothing  new ;  but  he  was 
now  on  the  eve  of  making  a  discovery,  the  reputation  of  which  has 
ennobled  the  name  of  one  of  our  greatest  chemical  philosophers.  A 
mechanic,  James  Watt,  had  already  anticipated  the  philosophers 
Cavendish  and  Lavoisier  in  the  analysis  of  water ;  and  another  was 
now  about  to  anticipate  Sir  Humphry  Davy  in  the  invention  of  the 
Safety  Lamp.  That  Stephenson  wafl  the  original  inventor  of  the 
safety   lamp   is   now   happily   beyond    doubt.     Like   most   other 
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wbioh  fleeim  to  zaake  iheir  appearazice  in  several  places 
■BmUttMooaljy  ni  the  moment  when  the  want  of  them  has  come  to 
be  deepty  and  graierallj  felt,  the  safety  lamp  seems  to  hare  started 
into  bemg  at  the  same  moment,  nearlj,  in  Newcastle  and  London, 
Stephenson  and  Davy  had  both  discovered  the  principle  on  which 
tliej  proposed  to  proceed,  before  either  had  made  the  lamp ;  but 
Skpkewm's  teas  made  a/nd  used  the  first.  That  Stephenson  first 
inrented  the  lamp  admits  of  no  donbt,  however  much  the  question 
BSf  reoiain  as  to  how  &r  Davy  may  not  also  be  entitled  to  the  merit 
dvptl  originality :  priority  to  Stephenson  no  one  can  justly  claim. 

It  is  as  a  professional  Engineer  and  a  practical  Mechanic  that 
we  here  have  chiefly  entrosted  to  ns  to  do  justice  to  the  memoiy  of 
our  cbstingiiished  President.  But  we  should  do  violent  injustice  to 
our  own  fiDelings  if  we  were  to  pass  altogether  without  notice  his 
■oasl  character  and  private  life.  It  is  well  for  us  aU  to  recollect, 
that  mere  eminence  as  mechanics,  or  mechanical  inventors,  is  not 
ooogh  in  the  Bodal  world  to  make  us  command  either  the  love  or 
respect  of  our  fellows.  It  is  as  men.,  chiefly,  that  we  respect  one 
Bother ;  it  is  moral  chaaracter  and  social  virtue  for  which  we  chiefly 
lofe  one  another.  It  has  indeed  been  remarked  by  some,  on  the 
chnacter  of  our  profession,  that  the  continual  struggle  with  tough, 
^^bA,  and  refiractory  substances,  which  forms  the  bnsiness  of  the 
oigiaeer,  has  the  effect  of  communicating  a  hardness  of  character, 
aa  ohednacy  of  disposition,  and  a  rigidity  of  temper,  to  men  of  om* 
cnft,  which  does  not  add  to  their  excellence  as  members  of  society. 
It  most  be  remembered  however,  as  a  palliative  for  such  &,ults 
where  they  eadst,  that  every  inventor  is  at  first  in  a  minority  of  one; 
aD  the  rest  of  the  world  is,  for  the  time,  against  him ;  and  it  is 
often  only  by  a  long  and  hard  fight  that  he  at  last  succeeds  in 
ooaaveiting  bis  minority  into  a  majority. 

Invention  is  therefore  a  battle  with  the  world ;  and  it  is  not  easy 
slwajB  for  the  inventor  again  to  consider  with  complacency  his 
cwDDcs  in  the  field,  and  to  adopt  them  as  his  companions  in  the 
doset  The  antagonism  between  the  inventive  man  and  the  sceptical 
^voridisi^toextenditselfto  the  social  state.  But  Stephenson  was, 
IvppQj  for  biiiiself  and  the  world,  a  man  endowed  with  no  common 
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share  of  the  endowmente  which  make  ihe  interoouTse  of  life  nseful 
to  himself  and  delightfdl  to  his  friends.  His  energies  had  been 
sufficient  to  carry  him  through  much  opposition  without  cooling  the 
ardour  of  his  affections,  originally  warm  and  genial,  and  above  all 
without  chilling  the  enthusiasm  or  closing  the  openness  of  disposition 
which  characterised  the  sanguine  youth.  In  his  latter  days  he  was 
distinguished  for  the  childlike  simpHcity  of  his  character,  for  the 
transparency  of  his  intentions,  for  the  singleness  of  his  purposes, 
and  for  the  straightforward  manly  honesty  of  his  conversation  ;and 
dealings.  If  he  could  hate  an  enemy,  he  never  masked  his  antipathy 
by  hypocrisy ;  but  he  was  a  warm  and  earnest  friend. 

Greatly  however  as   Stephenson's  name  will  continue  to  be 
distinguished  among  us  as  the  inventor  of  the  safety  lamp  and  as  a 
youthful  mechanic  of  wonderfdl  shrewdness  and  sagadiy,  it  is  as 
the  first  constructor  and  chief  inventor  of  Locomotives  and  Bailways 
that  he  wiU  be  known  to  posterity.     It  is  in  this  capacity  that  he 
has  conferred  on  society  blessings  which  are  rapidly  extending  to 
the  widest  limits  of  civilisation,  and  which  already  cover  Europe  and 
one  half  of  America.     The  introduction  of  railways  is  the  great 
distinguishing  event  of  the  thirty  years'  peace ;  and  to  them  must 
principally  be  attributed  tEe  strong  bonds  of  amity  which  are 
continually  drawing  nations  closer  and  closer  together;    it  is  to 
railways,  and  the  unity  of  international  interests  arising  from  them, 
that  we  are  indebted  for  maintenance  of  that  peace  unbroken  for 
thirty  years,   and  for  the  veiy  remarkable  events   we  are  now 
witnessing  in  the  existence  of  a  castis  belli  in  the  heart  of  Europe, 
and  yet  an  invincible  reluctance  of  the  great  powers  to  supply  the 
friel  for  a  general  war.     The  peace  of  Europe  will  now,  we  may 
trust,  by  the  progress  of  railways  and  the  consequent  multiplication 
of  intercourse,  be  rendered  as  substantial  as  the  peace  of  the  nations 
of  the  heptarchy  of  England ;  for  we  have  nearly  reached  that  period 
of  railway  interoourse,  when  the  capitals  of  different  nations  of 
Europe  are  not  separated  so  jfar  from  one  another,  either  in  the 
length  of  time  or  in  the  rarity  and  peril  of  intercourse,  as  were  the 
five  capitals  of   the  Anglo-Saxon  kingdoms    of   our    ancestors: 
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But  that  the  modem  looomotiye  engine  could  not  subsist  without 
the  wrought  iron  rail  and  its  multiBaTious  appendages  of  chairs,  keys, 
locks,  sleepers,  switches,  crossings,  sidings,  and  turntables,  is  too 
evident  to  need  proof.  Without  the  smoothness  of  the  rail,  the 
engine  would  be  jolted  to  pieces ;  and  without  the  easy  motion  which 
it  gives,  the  engine  could  not  be  made  to  draw  a  sufficiently  profitable 
load  to  pay :  and  i^irther,  unless  the  rail  were  made  of  wrought  iron, 
it  would  be  impossible  to  attain  the  high  speed  of  the  locomotive 
without  imminent  danger.  It  therefore  appears  that  the  continuous 
wrought  iron  railway  and  the  locomotive  engine  were  inventions 
intimately  related  to  each  other,  and  each  a  condition  of  the  other's 
success.  To  Stephenson  we  are  indebted  for  the  chief  features  of 
improvement  in  both.  It  was  the  joint  perfection  of  the  road  and 
the  engine  which  created  the  Liverpool  and  Manchester  Hne,  and  all 
the  progeny  of  that  wop.derM  and  gigantic  experiment;  an 
experiment  whose  complete  success  now  bears  incontrovertible 
testimony  to  the  genius  of  the  man. 

There  are  several  lessons  which  the  life  of  Stephenson  should 
enforce  upon  us,  the  members  of  a  profession  which  he  advanced, 
and  of  a  Society  which  he  so  materially  assisted  in  founding,  and  in 
the  promotion  of  which  he  took  a  constant  and  deep  interest. 
Indeed  we  cannot  cast  even  a  hasty  glance  back  over  the  events  of  his 
life,  without  perceiving  that  the  foundation  of  our  Society  was  an 
act  most  appropriate  to  the  termination  of  a  career  so  arduous  and 
BuccessfoL  Let  us  endeavour  to  define  some  of  those  objects,  and 
then  consider  how  we  can  best  accomplish  them. 

In  the  first  place,  then,  one  of  the  great  objects  of  our  Society 
is  the  encouragement  of  mechanical  invention  and  the  promotion  of 
scientific  improvement.  Thus  it  becomes  our  duty  to  supply  to  this 
generation  a  great  want,  chiefly  felt  by  Stephenson  in  his  early 
career.  The  unhappy  moments  of  his  youth  were  those  in  which  his 
inventions  encountered  the  opposition  of  prejudice  and  interest,  and 
when  his  propositions  were  decried  because  of  their  very  originality, 
because  they  were  new,  strange,  unheard  of,  and  therefore  contrary 
to  verified  opinion.    What  he  wanted  and  could  not  find  in  his  youth, 
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tins  Sociefy  presraits  to  the  yontlifiil  genius  of  this  generation, — ^an 
cofigliienecl,  unprejudiced,  and  first  ordeal,  where  eywy  youthftil 
nncBtor,  ererj  mechanic  of  ordginal  tal^iit,  every  proposer  of  that 
vinch  is  new  and  pnHnises  to  be  nseftd,  will  find  a  body  oi  experienced 
practical  men,  to  whom  the  conntry  looks  np  as  her  wisest  men, 
iwdy  and  wflhng  to  list^i  to  the  plans,  to  test  the  proposals,  to 
W€igji  the  valne,  and  to  award  the  praise  and  approbation  to  which 
the  naing  Stephenaons  of  this  generation  may  aspire ;  but  which 
the  old  Stephenson  could  nowhere  find,  and  in  the  want  of  which 
be  vas  compelled  to  expend  many  years  of  vigour  and  energy  in 
obscnriiy  and  penury.  Let  us  see  that  in  our  hands  no  youth^l 
9^0108,  however  little  known,  shall  find  his  genius  obscured,  or  his 
cnagies  discouraged,  eclipsed,  or  extinguished.  If  I  rightly 
Bterpret  the  feelings  of  this  Society,  they  would  hail  with  welcome 
inj  diaooveiy,  and  Qo-operate  heartily  and  disinterestedly  in  giving 
to  the  world  its  henefit^  and  to  genius  its  honours  and  rewards. 

Another  eircimistance  must  have  greatly  impaired  the  means  of 
MBftilness  of  Stephenson  in  his  early  life,  and  one  that  he  most 
deqily  felt :  namely,  the  want  of  knowing  that  which  other  men 
vere  doing,  and  had  done  before  him,  in  subjects  allied  to  those  in 
vUch  he  was  occupying  his  mind.  Thus  much  we  know  with 
certainty,  that  no  man  was  more  happy  to  communicate  in  after 
^  to  others  the  abundant  stores  of  practical  knowledge  he  had 
aecamnlated,  and  that  no  one  felt  a  more  kindly  interest  in  the 
innntiaiis  and  plans  of  younger  men,  or  was  more  disposed  to 
praiDote  their  interest  and  forward  their  views.  Let  us  regard  it  as 
a  part  of  his  legacy  so  to  impart,  liberally,  to  all  younger  members 
of  the  profession,  what  more  knowledge  or  greater  experience  may 
hare  enabled  us  to  acquire.  After  all,  there  is  no  tribute  more 
gn^iSpng  to  the  members  of  our  profession  than  the  due  appreciation 
hy  each  other  of  that  which  each  of  us  may  have  done  to  advance 
the  interests  and  increase  the  resources  of  mechanical  science. 

It  wonld  not  be  feir  to  the  character  of  our  late  President  to  omit 
6an  oDT  recollection  the  very  large  and  original  views  which  he 
ottertained  on  general  soienca  It  has  been  too  common  in  our 
pMeenon  to  place  science  and  practice  in  opposition  to  each  other ; 

B 
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BS  if  trae  Bcience  and  hard  practice  could  possibly  be  opposed.  K 
science  mean  that  wbioh  is  care^illy  asoertained,  and  accorately 
defined,  and  truly  demonstrated,  then  it  is  impossible  that  any  sonnd 
practice  can  possibly  stand  in  opposition  to  it  or  independent  of  it. 
If  practice  mean  the  knowledge  which  is  fotmded  on  the  actual 
&cts  and  experience  of  intelligent  men,  it  is  impossible  to  see  how 
the  largest  amoont  of  that  knowledge  possessed  by  any  one  man 
oan  differ  from  the  extensive  and  generalised  fibcts  in  which  science 
embodies  the  experience  of  aU  mankind.  Stephenson  is  a  remarkable 
instance  of  freedom  from  this  prejudice.  He  was  eminently  a 
practical  man.  He  wronght  early,  and  much,  with  his  own  hands. 
He  had  wrestled  with  matter,  and  knew  aU  its  qualities  by  feeling  it 
and  pushing  it  and  pulling  it,  by  cutting  and  filing  and  chipping  it. 
He  had  hammered  it  hot  and  hammered  it  cold,  he  had  melted  it 
and  moulded  it,  planed  it  and  sawn  it,  broken  it  across,  pulled  it 
asunder,  and  twisted  it  round.  He  knew  its  action  and  its  reaction, 
its  inertia  and  its  momentum,  its  vie  mortua  and  its  vis  viva.  His 
was  a  supremely  practical  and  personal  acquaintance  with  the  laws 
and  property  and  phenomena  natural  to  matter,  whether  solid  or 
liquid,  fluid  or  gaseous,  mineral  or  aerial,  more  than  that  of  any  man 
who  has  ever  risen  to  eminence.  Stephenson  was  entitled  to  rank 
as  a  consummately  practical  man.  But  was  he  not  equally,  or  more, 
a  scientific  than  a  practical  engineer?  Was  there  erer  a  bolder 
theorist  than  he  was?  Were  there  ever  more  daring  scientific 
speculations  than  those  wild  flights  in  which  his  genius  delighted  to 
break  forth?  In  chemistry,  in  vegetable  physiology,  in  vital 
mechanism,  in  electricity,  in  galvanism,  in  the  theories  of  the  gases, 
on  the  inert  constitution  of  matter,  and  of  heat,  and  even  on  the 
mechanism  of  the  mind  itself,  he  had  deeply  thought,  profoundly 
read,  and  boldly  and  fearlessly  speculated.  Eveiy  step  in  his  life 
was  the  realisation  of  what  had  before  been  a  theory.  It  is  true  he 
was  not  educated  early  in  the  rudiments  of  science,  at  school  or  at 
college;  but  what  of  that  ?  What  is  life  but  a  great  school  ?  Is  not 
the  press  our  school,  and  necessity  our  school  of  invention? 
Stephenson  read  and  studied  science ;  he  was  not  ignorant,  but  he  was 
self-taught.     Before  he   became   a   great   man  he  had   studied 
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obtam  a  fiitde  more  aoience  as  well  as  a  litde  more  practioe  than  we 
have  got ;  remembering  that  Stephenson  canUnamdi  bis  edaoatian  of 
Ki-mBftlf  to  bis  dying  day. 

.  'HiB  best  testimony  however,  which  Stephenson  has  borne  to 
the  value  of  scientific  edncation  for  a  practical  man,  is  to  be 
£cnmd  in  the  course  he  adopted  for  the  training  of  his  son'  to  our 
profession.  The  assidnity  with  which  he  laboured  at  clock-making, 
the  cleaning  of  watches,  or  any  other  industry,  in  the  intervals  of 
his  regolar  business,  in  order  that  he  might  be  able  to  afford  to  him 
those  blessings  of  education  of  which  he  himself  so  deeply  felt  the 
Want,  is  one  of  the  most  charming  features  in  his  character.  His 
most  earnest  desire  in  early  difficulty  was  to  give  Bobert  all  those 
precious  thoughts  and  truths  which  he  himself  acquired  only  late 
and  too  laboriously.  And  how  admirably  his  plan  succeeded,  his 
son's  unclouded  successes,  both  as  a  Mechanical  and  a  Civil 
Engineer,  are  the  evidence  to  us,  as  indeed  they  were  the  subject  of 
just  pride  to  himself,  who  never  spoke  of  his  son  without  strong 
emotions  of  joy  and  pride.  There  are  none  of  us  who  will  question 
either  the  justioe  of  his  pride  or  the  soundness  of  his  plan  of 
education. 

It  is  one  of  the  peculiarities  of  genius  to  inspire  those  within  its 
influence  with  some  of  its  own  fira  This  was  peculiarly  the  case 
with  Stephenson.  Nearly  all  the  present  ornaments  of  our  profession 
have  been  his  pupils.  He  was  the  founder  of  a  school  of  eminent 
engineers,  who  in  England,  Europe,  and  India,  are  now  extending, 
amongst  all  portions  of  the  human  race,  the  blessings  of  those  great 
bonds  of  civilisation  and  social  intercourse  which  he  first  &bricated. 
It  is  to  his  labours  and  theirs  that  this  country  owes  the  addition 
of  £200,000,000  to  its  productive  wealth,  the  opening  up  of  a  host 
of  new  branches  of  industry,  the  quickening  and  invigorating 
influence  of  rapid  and  cheap  intercourse ;  and  to  him  that  the  jmor 
everywhere  owe  the  blessings  of  cheapened  coal,  and  the  fiusiKties  of 
social  enjoyment  and  healthfiil  recreation. 

In  this  brief  notice  of  the  chief  features  and  character  of  our  late 
President,  which  I  have  thus  imperfectly,  although  most  earnestly, 
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ibftdbed  amid  ^beliBBtle  of  bnsineBB,  I  have  dwelt  maiBly  upon  sndi 

kalBom   and    chacaoteiistacs   as  vera  peoviliaily  mterestiDg   or 

iBiinicUve  to  ns,  aa  xnemberB  of  an  Iastitati<m  founded,  in  a  greai 

by  hJnmelfi  for  prc^eesional  pnrpoeea.     I  have  regarded 

I  oliiafly  bis  profeesknial  cbaraoter ;  but  I  oazuiot  conolwle 

wiUunt  ezpreesiiig  an  earnest  wish  that  bis  bfe  as  a  laan,  ^Ldbibiting 

tiMbeaatyand  eoEoeilenoe  of  his  obaracterin  all  its  efaeering  aspects, 

as  a  boy,  as  a  warkman,  as  an  esgineman,  as  a  viewer,  as  an  engine 

MUer,  as  an  improTsr  c^  minend  raalways,  as  the  ei^gineer  of  the 

Lcrorpodi  and  Maincbeeter  Railway,  sbonld  be  written  by  some  one 

wbo  bag  leisiDv  to  collect  firam  bis  many  friends  ati  tiieir  reeofiec^ 

of  lam,  while  they  remain  fresh  and  accessible.    I  should  desire 

alMto  see  a  defcaSed  aceoont  given  of  bis  progress,  bis  difficulties, 

and  bis  neans  of  success  in  any  one  of  bis  labours.    This  wonld  be  a 

uoslTabiable  and  instroctiye  watk ;  and  I  do  not  know  obl  whom  it 

shonld  devolve  more  properly  to  see  such  a  woA  executed  MiMoJlj 

md  jadiciously  than  on  this  Society,  whom  be  made  the  &voured 

fMJpieiits  of  bis  knowledge  and  exprneace,  and  who  ought  to 

eooflider  themselves  as  bis  literary  and  scientific  executors,  to  whom 

ibe  world  may  natnrally  look  to  see  justice  done  to  the  memory  of 

one  of  Bngland's  greatest  men,  the  founder  of  our  railway  system 

iad  of  the  iostitatioii  of  Mechanical  Engineers. 


The  memoir,  which  both  at  the  close  and  during  the  time  of 

nail  I  n^^  elicited  CKpressioDB  of  admiration,  having  be^i  read,  the 

CHAiaHAH  said  he  presuoed  it  would  be  unnecessary  to  put  it  to  the 

vote,  that  the  members  return  their  best  thanks  to  Mr.  J.  Scott 

BnsseQ  ibr  bis  very  able  memoir.      The  vote  was  carried  with 

acdKmation. 

Mr.  GsACfl  rose  and  said  it  was  with  melancholy  satisfaction 
be  begged  to  move,  that  they  place  on  the  minutes  of  their 
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ngs  an  expression  of  the  regret  they  all  felt  at  the  loss  of 
lent  a  man  as  their  late  Mend,  Mr.  Oeorge  Stephenson, 
)m  his  having  been  the  President  of  this  Institation.  He 
^llected  Mr.  Stephenson,  on  the  last  occasion  of  their 
,  filling  the  place  whieh  Mr.  McConnell  now  so  worthilj 
[j  in  high  spirits  and  in  good  health.  The  recollection  of 
imstance  cast  a  gloom  oyer  his  feelings,  and  he  was  sure 
have  the  same  effect  on  CYeiy  member  present.  He  had 
lir.  Stephenson  a  shorter  time  perhaps  than  many  of  them ; 
ad  known  him  well  enough  to  entertain  not  only  respect  for 
affection  also.  There  was  something  so  endearing  about 
lers,  so  open  and  kind,  and  so  encouraging  to  all  those  less 
ced  than  himself^  there  was  so  much  of  kindheartedness 
[m,  that  no  one  could  help  entertaining  for  him  a  high 
He  would  quite  allow  that  his  manners  were  sometimes 
he  would  quite  allow  that  there  were  peculiarities  in  his 
r,  which  had  to  be  considered  as  peculiarities :  but  he  was 
re  those  who  knew  him  best  considered  that  these  rerj 
ties  gave  him  a  greater  claim  on  their  regard.     He  was 

0  allow  that  he  had  seen  in  Mr.  Stephenson  what  in  other 
^ht  subject  them  to  criticism;  but  when  it  came  from 
thenson,  it  came  from  a  privileged  person.  Mr.  Stephenson 
id  of  his  own  early  life,  and  he  never  lost  any  opportunity 
Bsing  it ;  he  never  attempted  to  conceal  that  he  came  from 
»st  grade  of  society,  and  had  raised  himself  to  his  high 

and  he  ever  evinced  the  same  pleasure  in  meeting  an 

1  of  his  early  life,  in  humble  circumstances,  as  he  did  in 
the  peers  of  the  realm,  with  many  of  whom  he  associated 
ife.  He  had  the  same  gratification  on  meeting  one  whom 
nown  in  early  life,  or  the  son  or  connection  of  such  a  one, 
)ferring  back  to  the  time  when  they  had  struggled  together 
difficulties,  as  he  had  in  referring  to  the  occasion  when  he 
m  by  the  hand  by  the  highest  in  the  land.  Although 
1  with  these  recollections,  he  could  not  content  himself 
Diaking  the  few  remarks  he  had  made ;  and  he  now  begged 
— *'  That  the  members  of  this  Institution  desire  to  exprees 
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The  Chairman  then  begged  to  propose  Robert  Stephenson,  Esq., 
as  President  of  the  Institution.  He  felt  certain  that  every  membei 
would  agree  with  him,  that  a  better  choice  could  not  be  made. 
Mr.  Robert  Stephenson  was  a  worthy  son  of  a  w<»rthy  &ther ;  and 
the  Institution  would  gain  additional  lustre  by  having  that  gentlemia 
as  its  President.  The  resolution  was  seconded  by  Mr.  Fothergill, 
and  carried  unanimously,  amid  every  demonstration  of  satis^EM^tion. 


Mr.  KiNTREA,  the  Secretary,  then  read  the  following  Paper,  bj 
Mr.  John  Jones,  of  Bristol : — 


ON  THE  ADAPTATION  OF  THE  "CAMBRIAN"  ENGINE 
TO  LOCOMOTIVE  PURPOSES. 

The  following  is  a  brief  description  of  the  advantages  to  be 
derived  by  the  application  of  my  "  Cambrian  "  engine  to  locomotiTe 
purposes.  One  has  already  been  made  by  Messrs.  Thwaites  and  Co., 
Engineers,  of  Bradford,  named  the  "  Albion,"  which  I  understand 
gives  every  satis&ction. 

On  referring  to  the  drawings  which  accompany  this  piqier, 
it  will  be  seen  that  the  side  elevation,  No.  5,  shows  the  side 
levers  as  connected  to  the  wheels.  The  levers  are  fitted 
on  to  the  ends  of  the  piston  shafts,  which  work  in  separate 
bearings ;  from  the  opposite  ends  of  these  levers  pass  oonnectiiig 
rods  to  the  crank  pins  on  the  leading  and  centre  driving  wheeb ;  on 
each  side  of  the  engine,  the  pistons  communicate  an  oeoillatuig 
motion  to  the  double  levers,  the  length  of  which  is  so  adjusted  as  to 
cause  the  driving  wheels  to  make  whole  revolutions;  by  this 
arrangement  the  strain  of  the  working  parts  is  balanced :  there  is 
no  centre  pressure,  and  all  dangerous  oscillation  is  completel/ 
avoided. 
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ADother  advantage  deriyed  from  the  mode  of  connexion  13  tlie 
OBriniita'ng  lever  ends  passing  throngh  a  great  part  of  a  circle, 
gsming  power,  as  it  does,  at  the  extremities  of  the  stroke,  to 
compenaaie  £ot  the  loss  of  power  in  the  cranks,  as  thej  approach 
the  dead  centres.  The  circle  that  the  crank  pin  centre  moves 
tkrongh  is  divided  into  twenty  parts.  It  may  be  seen  by  the 
duigram  that,  as  the  lever  approaches  the  extremities  of  its  stroke, 
the actoallength  diminishes  and  becomes  from  18  inches  to  17|,  16, 
l^,  14,  and  1S\  inches  at  the  centres,  so  that  the  power  of  the 
lerer  increases  in  proportion  to  its  diminution  in  length;  which 
eompeiifiateB  in  a  great  measure  for  the  loss  of  power  in  the  crank, 
iB  it  approaches  the  dead  centres. 

1  presmne  the  principle  of  the  "Cambrian"  engine  is  tolerably 
veO  known,  as  it  has  now  been  before  the  public  upwards  of  seven 
jetn ;  several  having  been  at  work  for  more  than  six  years,  to  the 
ttrdre  satisfihction  of  the  persons  using  them.  I  therefore  feel 
satisfied  as  to  its  superiority  over  the  common  cylinder  engine,  as 
tiie  wear  and  tear  is  much  less,  in  consequence  of  there  being  fewer 
VQiking  parts. 

1  have  now  pointed  out  what  I  consider  to  be  the  advantages  of 
tloB  engme,  namely : — obtaining  a  long  stroke  in  the  crank,  vnthout 
the  disadvantages  of  a  long-stroke  cylinder,  where  high  velocities 
w  leqnired:  the  arrangement  of  the  levers  which  balance  the 
engine:  the  entire  disap]>earance  of  any  oscillating  motion  of  the 
ogioe:  doing  away  with  all  centre  pressure,  an  object  of  the 
lughest  importance,  and  one  that  deserves  more  attention  than  it 
Jias  hitherto  received. 


In  tile  absence  of  Mr.  Jones  and  at  the  request  of  the  Chairman, 
Ur.  £.  A.  CowpSB,  with  the  assistance  of  diagrams,  fturther 
cspbined  the  construction  of  the  engine,  commonly  known  as  the 
''Cambrian"  engine;  but  added  that  as  applied  to  locomotion  he 
iad  never  seen  it  until  that  morning.  In  answer  to  numerous 
(jnertiQiia  Mr.  Gowper  stated,  that  although- he  did  not  altogether 
reoommend  the  **  Cambrian,"  he  had   often  known  it  to  work 

c 
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compared  vnth  ordinary  engines  lie  conld  not 
Qtage  in  it. 

question,  Mr.  Slate  stated  that  lie  had  had  some 
baiy  engines,  which  the  "  Cambrian"  engine  some- 
md  the  conclusion  he  had  come  to  was  by  no 
bo  that  principle.  At  the  same  time  he  did  not 
with  Mr.  Jones's  plan;  and  as  £ai*  as  he  conld 
mce  between  it  and  the  ordinaiy  engines  consisted 
le  *'  Cambrian"  had  the  advantage  of  having  the 
between  the  wheels,  whereas  by  the  ordinaiy 
veight  was  in  fix)nt  of  the  driving  wheeL  Id 
'*  Cambrian"  very  much  resembled  the  locomotive 
.  Wilson  of  Leeds  ;  the  principal  difference  being 
}here  was  a  strain  on  the  bearing  of  the  centre 
i  not  find  in  the  former ;  otherwise  the  action  of 
e  engine  was  exactly  the  same, 
taid  there  were  two  bearings  of  the  shaft  to  which 
He  had  paid  some  attention  to  this  matter,  and 
the  intention  was  to  balance  the  engine  or 
he  momentum  of  the  parts,  so  as  to  avoid 
>uld  show  a  practical  objection  which  he  conceived 
three  shafts  in  a  right  Hne,  with  a  lever  for  the 

a  crank  on  either  side ;  when  in  a  perfectly 
engths  remained  the  same ;  and  if  on  a  table,  or 
nooth  surface,  it  worked  as  sweetly  as  possible, 
ver,  supposing  there  to  be  three  wheels,  and  the 
mt  of  order,  the  one  shaft  would  be  thrown  out 
.  to,  and  as  the  spring  deflected  f  inch,  it  would 
bo  lengthen  the  connecting  rod,  which  could  not 
entres  without  straining  the  parts,  but  which, 
onnecting  rod,  would  produce  no  bad  effect, 
aid  that  there  certainly  seemed  to  be  an  objection; 
le  three  centres  would  be  destroyed. 
—The  thing  works  perfectly  when  the  parts  are 
3  soon  as  they  get  out  of  the  line,  there  is  an 
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poiiance.  At  the  same  tune  he  must  tell 
ind  on  an  even  snr&ce  he  had  neyer  seei 
3.  All  the  weight  was  between  the  twc 
to  be  the  great  reason  why  the  oecillatioi 

his  opinion  that,  with  reference  to  th< 
e  cylinder,  he  conld  not  see  that  the  forn 
particular  consequence,  so  that  the  spao 
The  power  derived  would  be  jusir  equal  t< 
uned  in  the  cylinder.  In  that  view  he  bay 
circular  form  of  the  "  Cambrian"  cylindw 
i  under  consideration  had  good  points 
)  two  cranks  worked  admirably ;  and  th( 
it  would  support  a  cylinder  of  the  weigh 
'o  shafts.  He  saw  no  objection  to  th< 
*ian"  to  locomotive  purposes ;  but  he  di( 
>  give  a  positive  opinion. 
Mr.  Crosley,  a  person  interested  in  thi 
t  it  had  been  tried  on  the  line  betweei 
nd  that  it  not  only  burnt  5  lbs.  of  foel  pe 
Br  load  than  any  other  engine, 
ther  incHned  to  think  that  it  Tf  ould  g( 
the  invention  had  met  with  the  approba 
%a  far  as  he  had  been  able  to  discover,  h 
«vhy  steam  applied  in  this  particular  wa; 
le  ordinary  way  of  a  simple  cylinder.  A 
isiderable  practice  in  steam  engines,  h 
ing  a  steam  engine,  he  would  be  disposer 

o  guard  himself  against  the  suppositioi 
ige  in  the  plan,  or  in  the  form  of  tb 

only  record  his  own  opinion,  that  n< 
be  obtained  by  so  applying  the  steam 
advantage ;  for  they  had  to  get  over  thi 
the  joints. 
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Mr.  CowpsB  said  the  cylmder  was  perfectly  tight. 

Kr.  SiATS  did  not  consider  that,  in  the  absence  of  Mr.  Jones, 
they  were  in  possession  of  sufficient  information  to  enable  them  to 
iniTe  at  a  decision  on  the  merits  of  the  plan.  At  present  they 
bad  no  particulars  as  to  the  size  of  the  engine,  the  pressure  of  the 
steam,  the  size  of  the  connecting  gear,  and  varions  other  matters. 

Mr.  P.  B.  Jackson  expressed  it  as  his  opinion,  that  the  rotary 
engine  was  a  far  better  apphcation  to  locomotion  than  the 
"Cambrum"  engine.  He  well  recollected  a  gentleman  calling  at  his 
foondij  in  Manchester  some  years  ago,  and  in  compliance  with  that 
gentleman's  request  he  cast  for  him  the  parts  of  a  rotary  engine ; 
•t  the  same  time  expressing  his  opinion  that  it  would  do  no  good. 
The  engine  however  was  completed;  it  cost  the  inventor  £400, 
iod  in  two  years  afterwards  it  came  back  to  him  for  £14. 

Mr.  Ck)WPEB  remarked  that  the  objections  of  Mr.  Crampton 
citended  to  the  coupling  of  any  engine ;  for  as  one  wheel  went 
np  and  the  other  down,  the  connecting  rod  must  vary.  It  did  not 
fa^ld  to  the  same  extent  in  all  cases  ;  but  still  it  did  hold. 

Mr.  Slate  enquired  whether  the  objection  might  not  be  overcome 
bj  making  the  guard  plates  a  little  larger. 

Mr.  CiLyiproN  repHed  that  this  was  being  done ;  but  he  conceived 
t^tere  was  a  still  greater  objection  to  that  alteration. 

The  Chaisman  thought  they  had  not  sufficient  data  before  them 
u  to  the  economy  of  the  engine,  or  even  as  to  its  adaptation  to  the 
pmpoae  designed,  to  enable  the  meeting  to  form  a  correct  opinion. 
He  therefore  presumed  that  at  present  it  would  be  premature  to 
come  to  a  conclusion  as  to  its  merits. 

Mr.  Betes  gave  it  as  his  decided  opinion  that  the  ordinary 
i^tnuglit  cylinder  would  work  better  than  the  curved  one  of  the 
-^CambriaQ." 


The  Chaibmah  then  requested  Mr.  Fothergill  to  read  the  following 
Paper,  by  Mr.  William  L.  Einmond,  of  Dundee  :— 
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DESCRIPTION  OF  A 
RAILWAY    CARRIAGE    ELEVATOR. 

Glasgow  terminus  of  the  Glasgow  and  Ayr  Railway  if 
ibove  the  level  of  the  street,  and  the  Elevator  was  constmcted 
for  raising  and  lowering  the  goods  trucks  to  and  from  the 
the  goods  warehouses  and  the  street. 

IS  marked  on  the  drawing,  is  a  travelling  platform  oi 
it  length  and  breadth  to  receive  one  goods  truck ;  on  the 
ide  are  two  rails,  which  coincide  with  the  rails  in  the  statioiL 
he  platform  is  at  the  top  or  bottom,  it  forms  a  hatch  in  tb( 

the  station,  upon  which  the  truck  to  be  lowered  or  raisec 
d. 

machine  is  supported  at  the  comers  by  four  large  cast  iroi 
3,  joined  together  at  the  top  by  cast  iron  beams,  which  an 
liened  by  ornamental  brackets,  presenting  the  form  of  an  arcl 
he  four  sides  ;  the  whole  resting  on  a  substantial  foundatioi 
Dnry.  The  driving  machinery  is  all  placed  below  the  leve 
varehouses,  or  immediately  beneath  the  platform  when  at  tlii 
point. 

1  the  main  driving  shafl,  communicating  motion  through  th( 
wheel  to  the  mitre  wheels  D  E,  and  by  a  reversing  clutch  U 
il  G.  When  the  platform  has  to  be  raised,  the  clutch  L 
with  the  wheel  D,  and  when  it  has  to  be  lowered,  the  clutcl 
}d  with  the  wheel  E :  the  intermediate  shaft  K  transmits  U 
ft  I  a  motion  corresponding  with  that  of  the  shaft  G.  Fou: 
f  mitre  wheels,  at  the  extreme  ends  of  the  shafts  G  and  K 
)tion  to  four  upright  shafts,  reaching  from  top  to  bottom  o 
''ator.  On  these  shafts  are  four  screws,  made  to  revolve  witl 
fts,  and  at  the  same  time  to  slide  freely  up  and  down  on  then 
ns  of  a  groove  in  the  shaft  and  a  feather  or  fixed  key  in  ey( 
w. 
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Foot  plninmer  blocks  are  bolted  to  the  8ides  of  tbe  platform,  and 
are  i^  lestiiig  points  npon  the  screws.  These  pltunmer  blocks  also 
aoTB  to  steady  the  screws  and  npright  shafts  at  their  points  of 
•cdon.  A  bracket  bolted  to  the  platform  secures  the  screws  in  their 
pboeB.  The  screws  act  into  fonr  circnlar  racks,  extending  fix)m  top 
to  bottom  of  the  macbine,  and  constructed  to  turn  freely  on  their 
axes  along  with  the  screws,  the  peripheries  of  both  going  at  the 
same  velocity,  thereby  saving  a  great  amoont  of  friction.  The  racks 
are  steadied  by  two  intermediate  bearings,  which  do  not  at  all 
isteikre  with  the  working.  From  this  arrangement  it  will  be 
ofaserred,  that  when  the  screws  are  tnmed  one  way  the  platform 
rises,  and  when  tamed  the  contrary  way  it  is  lowered. 

Supposing  the  platform  to  be  at  the  bottom,  it  is  pnt  in  motion 
apwards  by  means  of  a  handle  in  the  socket  P.  The  rocking  shaft  G, 
W  means  of  the  spanners  and  connecting  rod  O  N,  moves  another 
nx^ing  shaft  R.  On  the  other  end  of  the  rocking  shaft  B  is  a  lever, 
vbich  throws  the  clutch  into  gear  with  the  wheel  D ;  thns  giving 
^  proper  motion  to  the  screws  for  raising  the  platform. 

It  will  be  noticed  that  the  same  movement  which  tamed  the 
'^^cking  shaft  B,  moved  backward  the  rod  T,  bringing  the  point  Q  of 
tkeiod  within  range  of  the  eccentric  V,  which  slides  on  a  key  on  the 
^'^^nnediate  shaft.  In  its  present  position  it  woold  revolve  withoat 
toae]mig  the  point  Q  of  the  rod  T ;  bat  when  the  platform  reaches 
tJ»  top,  it  teaches  a  catch  on  the  npright  rod  W,  moves  the  rod  X 
nrvud,  and  the  pin  attached  to  the  rod  sliding  in  the  angled  slot  Y 
cuues  the  end  of  the  rod  to  move  laterally,  ai\d  the  rod  being 
connected  with  the  eccentric  brings  it  into  contact  with  the  point  Q 
of  the  rod  T,  sweeping  it  back  in  its  former  position,  and  the  machine 
is  again  oat  of  gear  and  at  rest. 

1108  machine  can  be  stopped  at  any  point  of  its  ascent  or  descent. 
^^leit  16  a  friction  break  to  be  ased,  shoald  the  platform  gather  too 
much  way  in  descending,  or  to  hold  on  with  in  case  of  anything 
giving  way.  The  weight  of  the  platform  is  balanced  by  weights, 
nspended  by  means  of  chains  over  palleys  inside  the  main  colonms* 

The  devator  is  driven  by  a  6  horse  engine,  and  lifts  from  8  to  9 
^oog\  the  time  taken  to  rise  from  the  bottom  to  the  top  is  aboat  one 
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linnte.  It  has  been  in  constant  use  ever  since  its  erection,  and  has 
iyen  great  satisfaction,  the  screws  and  racks  having  been  only  once 
3newed. 


At  the  request  of  the  Chairman,  Mr.  Slate,  who  had  traced  the 
sferences  to  the  diagram  during  the  reading  of  the  paper,  said  that 
1  the  view  he  took  this  elevator  appeared  to  embrace  everything 
lat  was  necessary  for  safety  and  efficiency.  The  front  elevation  of 
le  driving  gear  was  such  as  he  had  ordinarily  seen  in  the  old  kind 
?  planing  machines ;  and  the  contrivance  with  a  view  of  stopping 

from  descending  was  a  very  ingenious  appUcation  of  different 
>rms  of  levers  and  connecting  rods.  The  action  seemed  to  him  to 
B  perfect,  and  it  was  impossible  that  it  should  not  be  under  the 
}mplete  control  of  the  breaksman. 

Mr.  FoTHEBQiLL  Said  it  appeared  to  him  that  the  principal  feature 
as  the  character  of  the  revolving  rack.  The  thread  of  the  worm 
r  the  screw  kept  pace  with  the  revolving  rack,  and  thereby 
revented  any  great  friction. 

Mr.  HoBY  thought  Mr.  Fothergill  had  pointed  out  the  best  feature 
L  the  elevator.  The  question  was,  which  was  the  best  kind  of  hoist. 
[e  saw  it  when  it  was  first  put  up,  and  it  worked  remarkably  welL 
he  one  on  the  Manchester  and  Leeds  Railway  was  worked  by  flat 
)pes. 

Mr.  Crampton  had  also  seen  it  at  work ;  but  did  not  take 
articular  notice  beyond  that  it  worked  well. 

The  Chairman  presumed  that  he  might  take  it  as  their  opinion, 
lat  it  was  a  very  good  appUcation  of  the  revolving  rack.  He  saw 
within  six  months  of  its  erection,  and  was  very  much  pleased 
ith  it.  He  had  recently  been  told  by  Mr.  Robertson,  the  locomotive 
iperintendent  of  the  line,  that  it  worked  very  well  indeed,  never 
eiving  required  repairing  except  in  one  instance,  and  that  some 
me  ago. 
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A  Tote  of  tbiuiks  to  Mr.  Kinmond  was  tlien  passed,  for  his 
mtacsting  paper,  the  Chairman  adding  that  it  was  very  desirable  to 
eDCoorage  these  commiimcationB  from  distant  members. 


Mr.  CowPER  then  read  the  following  extract  from  Mr.  Wicksteed's 
printed  reporfc  on  Brockedon's  application  of  vnlcanised  india-rubber 
to  pipe  joints : — 

VULCANISED  INDIA-RUBBER  PIPE  JOINTS. 

On  the  22nd  of  May  experiments  were  tried  npon  the  new  rings 
udfilletted  pipes:— 

Exp.  ScIl     4  inch  joint,  spigot  toUhout  the  upper  fillet,  stood  668  feet 

preasiue,  and  gave  way  under  738  feet. 
Exp.  6th.    4  inch,  spigot  taith  the  npper  fillet,  stood  1241  feet  preasnre, 

and  was  not  tried  further. 
Exp.  7th.    9  inch,  spigot  unthont  the  upper  fillet,  stood  733  feet,  but 

worked  and  leaked  very  slightly  fiiom  240  feet  pressure  upwards. 
Exp.  8th.    9  inch,  spigot  without  the  upper  fillet,  stood  755  feet,  leaked 

as  before,  and  blew  out  at  945  feet  pressure,  after  four  or  five  stn^es 

of  the  punp. 
Exp.  9th.    9  inch,  spigot  with  npper  fillet,  stood  1241  feet;  at  945  feet  it 

ivorked  and  leaked  very  slightly,  and  continued  to  do  so  at  1241  feet, 

bat  it  did  not  blow  out,  the  belt  preventing  it. 
Eip.  10th.   12  inch,  spigot  without  the  upper  fillet,  stood  783  feet,  and 

St  900  feet,  after  working  the  pump  for  some  time,  it  gave  way. 
Exp.  lltfa.   12  inch,  spigot  with  npper  fillet,  stood  600  feet.    The  ring 

was  BO  thick  that  it  ooold  not  be  made  to  enter  the  joint  properly,  and 

when  joined  the  ring  ooxed  out  past  the  belt,  so  that  no  fair  trial  oould 

be  made. 
Exp.  12th.   12  inch,  spigot  wi4h  upper  fiUet,  stood  1833  feet.  'The  ring 

WIS  again  too  ]arge,  and  if  it  had  not  been  kept  in  by  the  belt  would 

not  haye  stood  the  pressure;  the  ring  oozed  out  all  round  the  joint, 

bat  stood  the  pressure  without  leakage.    After  a  few  strokes  of  the 

pomp  howerer  the  iron  pipe  burst.    The  pipe  was  9-16th8  inch  thick, 

hat  there  was  an  air-bubble  flaw  in  it. 
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INDIA-RUBBER  PIPE   JOINTS.  Oct.,  194 

Br  a  variety  of  experu;iients  tried  in  the  months  of  Apri 
oly,  and  August,  some  in  the  presence  of  ^Ir.  Brockedon  an 
or  Cowper,  the  proper  thickness  of  rings  and  forms  of  socket 
gots  were  determined  on,  and  the  following  very  satisfactor; 
were  arrived  at : — 
Ixp.  13th.    The  12  inch  stood  a  pressure  of  600  feet,  and  at  first  90 

teet,  but  after  working  the  pnmp  for  a  short  time  it  gare  way. 
rp.  14th.    The  4  inch  stood  a  pressure  of  1333  feet  without   givinj 

way  at  all. 
s  result  showed  that  the  rings  of  the  12  inch  were  too  light 
bt  the  4  inch,  although  it  stood  the  greatest  pressure,  appearec 
[•  the  socket  too  easily ;  I  therefore  proposed  to  increase  theu 
to  4 J  oz.  and  1^  oz.  respectively. 

m  July  Slst,  1848,  the  new  rings  were  tried,  the  12  incl 
ig  4f  oz.,  the  4  inch  1|  oz. : — 
zp.  15th.    The  12  inch  stood  a  pressure  of  900  feet ;  but  after  Berera 

strokes  of  the  pump  at  a  pressure  of  1333  feet,  it  blew  out  at  a  defect 

in  the  upper  fillet  on  the  casting. 
tp.  16th.    The  4  inch  stood  a  pressure  of  1333  feet  without  giving  wa\ 

at  all. 
xp.  17th.   The  12  inch  stood  a  pressure  of  1333  feet. 

)n  the  15th  of  May  the  five  4  inch  pipes  were  joined  togethei 
',  fillets  on  the  pipes,  and  with  the  imperfect  rings  supplied  at 
ne  as  before  described.  These  joints  have  been  exposed  tc 
ag  pressure  of  from  90  to  175  feet  up  to  August  2l8t,  being 
1  of  above  three  months,  and  they  are  now  perfectly  tight, 
change  has  taken  place. 

time  occupied  in  these  trials  has  been  above  five  months, 
m  now  enabled  to  speak  very  confidently  of  the  value  of  the 
Qts.  It  appears  that  for  a  4  inch  joint,  the  space  between 
rot  and  socket  being  }  inch  all  round,  the  vulcanised  india- 
ring  should  weigh  1|  oz.;  and  for  a  12  inch  ring,  the  space 
I  the  spigot  and  socket  being  the  same,  namely  J  inch,  the 
of  the  ring  should  be  5  J  oz. 

spigot  and  socket  ends  of  pipes  to  suit  the  vulcanised  india- 
rings  should  be  formed  as  follows : — the  depth  of  the  socket 
dpes  up  to  12  inch,  which  is  the  largest  I  have  experimented 
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28  INDIA-RUBBEE   PIPE   JOINTS.  Oct.,  1846 

and  gnarantee  for  twelve  months,  excepting  the  charges  of  tli< 
commissioners  of  roads  or  streets  for  paving,  ^c,  the  cost  of  th( 
10  yards  will  be  as  follows : — 

LeadJointB.  WoodJoints.   India-rubber  Joints.    India-rabber  Joints    India-rabber  Joint 
*.     d.  $.     d.  $,     d.  cheaper  than  Lead,     cheaper  than  Wood 

23  10  20    6  19    6  22  per  cent.  5  per  cent. 


Mr.  CowPER  exhibited  and  explained  a  diagram,  showing  th< 
nature  and  operation  of  the  joints ;  and  having  stated  that  the  cos^ 
would  not  exceed  one  half  of  that  of  the  ordinary  lead  joints,  i 
member  enquired  what  would  be  the  comparative  durability.  H< 
was  given  to  understand  that  lead  would  endure  for  50  years. 

Mr.  FoTHERGiLL  apprehended  great  difficulty  in  repairing  th< 
joints,  without  disturbing  a  great  number  of  adjacent  pipes. 

Mr.  Clift  had  no  doubt  they  would  answer  extremely  well  foi 
street  mains,  or  in  straight  lines ;  but  doubted  with  Mr.  Fothergill, 
whether  in  the  event  of  an  escape  of  gas  or  water  they  could  be 
conveniently  repaired  in  angular  positions.  He  conceived  that  the 
greater  the  pressure  of  water  the  sounder  would  the  joint  be ;  but 
the  less  the  pressure  the  greater  the  liability  to  escape. 

Mr.  Richards  spoke  to  an  experience  of  twelve  months  of  the 
joints  in  question.  In  the  month  of  June  he  had  occasion  to  re-lay 
the  town  of  Worcester  with  new  gas  mains,  the  vibration  of  the  road 
having  induced  leakage  to  a  considerable  extent.  He  accordingly 
applied  to  Messrs.  Macintosh  for  some  of  these  joints,  and  could 
speak  in  confident  terms  to  the  value  of  the  invention.  He  first 
appHed  them  in  the  works,  to  ascertain  whether  they  would  sustain 
the  effect  of  the  ammonia  and  corroding  gas,  and  he  had  also 
tried  them  in  the  street;  and  in  both  cases  they  were  entirely 
unaffected  by  the  components  of  the  gas,  and  still  remained  perfectly 
tight.     He  had  also  applied  them  in  the  street  mains,  and  they  w^ere 
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Chairman  intimated  that  the  fiirther  consideration  of  Mr. 
^e's  Collision  Apparatus  and  of  Mr.  Richmond's  Engine 

mnst  in  the  absence  of  those  gentlemen  be  postponed. 

Chairman  announced  that  the  Committee  of  Council 
)d  to  revise  and  alter  the  Rules,  as  authorised  by  the  Annual 
-  in  January  last,  had  finished  their  labours  ;  and  a  copy  of 
posed  alterations  he  held  in  his  hands.  The  Council  had 
led  that  before  asking  the  sanction  of  the  members  to  these 
les  each  member  should  be  supplied  with  a  copy ;  sa  that 

the  present  time  and  the  next  meeting  they  should  all  be 
brm  an  opinion  on  them.  At  the  next  meeting  they  would 
o  the  vote.      The  existing  rules  required  that  the  proposed 

and  Officers  for  1849  should  be  put  in  nomination  at  the 
meeting ;  the  Council  were  accordingly  prepared  with  a  list 
lemen  whom  they  begged  to  nominate,  leaving  it  to  any 

of  the  Institution  to  add  to  the  number.     The  following  is 

PRESIDENT. 

Robert  Stephenson,  Esq. 
•  vice-presidents. 

Joseph  Miller,  John  Penn, 

J.  E.  McConnell,  David  Elder, 

Charles  Beyer,  Joseph  Whitworth. 

COUNCIL. 

Edward  Humphrys,  W.  A.  Matthews, 

J.  Scott  Russell,  Robert  Sinclair, 

Benjamin  Fothergill,  Archibald  Slate, 

R.  B.  Preston,  William  Weallens, 

WiLLUM  Buckle,  Richard  Peacock, 

E.  A.  Cowper,  John  Ramsbottom, 

James  Fenton,  William  Hartrek, 

Thomas  Carry,  P.  R.  Jackson. 

Edward  Jones, 

treasurer. 
Charles  Geach,  Esq. 
les  having  been  added,  the  Hst  was  adopted  by  the  meeting. 
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PROCEEDINGS. 


Th£  Annual  General  Meeting  of  the  Members  was  held 
at  the  Queen's  Hotel,  Bailway  Station,  Birmingham,  on  Wednes- 
day, the  24th  of  January,  1849  ;  J.  E.  M'Connell,  Esq.,  V.P., 
in  the  Chair. 

The  minutes  of  the  last  General  Meeting  having  been  read 
by  the  Secretary,  vere  confirmed. 

The  Chairman  rose  and  said,  they  were  meeting  to  record 
their  proceedings  at  the  Second  Annual  Meeting  of  the  Institution 
of  jklechanical  Engineers  ;  and  it  had  fdien  to  his  lot  to  occupy 
the  office  of  Chairman,  in  consequence  of  the  absence  on  the 
continent  of  their  President  elect,  Mr.  Eobert  Stephenson,  whose 
•hfience  they  very  much  regretted.  In  accordance  with  the  rules, 
the  Coondl  had  drawn  up  a  report  of  the  proceedings  of  the  last 
year,  which  he  would  proceed  to  read. 

INSTITUTION  OF  MECHANICAL  ENGINEERS. 

SECOND    ANNUAL   GENERAL   MEETING,  HELD    34th   JANUARY,    1849. 

REPORT  OF  THE  COUNCIL. 

The  Conncil  have  great  pleasure  and  satisfaction  at  this 
Second  Annual  Meeting  of  the  Institution,  in  congratulating  the 
members  on  the  continued  and  successful  progress  of  the  Institu- 
tion, and  the  large  increase  in  the  number  of  the  members ;  who 
have  been  nearly  doubled  during  the  last  year,  and  amount  to  189 
Members,  of  whom  sixteen  are  Honorary  Members. 

ThiB  increase  in  the  number  of  members  has  been  greater 
than  was  expected  to  take  place  in  the  time,  and  shows  that  the 
advantage  and  importance  of  this  Institution  are  felt  and  appreci- 
ated by  the  Engineering  and  Mechanical  Profession ;  it  promises 
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well  for  the  future  progress  and  extension  of  the  Institution,  auc 
its  efficiency  in  carrying  out  the  objects  for  which  it  was  originally 
founded. 

The  Council  wish  to  draw  the  attention  of  the  members  tc 
the  importance  of  giving  all  the  assistance  in  their  power  tc 
advance  these  objects  and  increase  the  utility  of  the  Institution 
by  obtaining  the  addition  of  new  members,  and  particularly  b] 
the  communication  of  papers,  with  drawings  and  models,  descrip 
tive  of  new  inventions  or  improvements  that  have  been  made  b ; 
them,  or  have  come  under  their  observation,  and  the  particulari 
of  experiments  and  trials  made  with  new  or  old  machinery,  etc. 
or  the  register  of  the  regular  working  of  stationary  engines,  loco 
motives,  or  other  machines. 

The  Council  invite  communications  from  all  the  member 
and  their  friends  on  any  engineering  subjects  that  will  be  usefu 
and  interesting  to  the  Institution ;  and  they  hope  that  no  mem 
bers  will  withhold  their  communications  on  account  of  the  wan 
of  opportunity  to  make  thom  so  complete  and  lengthened  as  the 
desire ;  as  it  is  one  of  the  first  objects  of  the  Institution  to  collec 
and  record  facts  relating  to  the  professional  experience  of  th 
members,  and  to  procure  early  and  authentic  information  respect 
ing  new  mechanical  inventions  and  improvements,  for  the  mutua 
information  and  advantage  of  the  members. 

Amongst  the  communications  from  the  members  during  th 
last  year,  the  Council  have  the  pleasure  of  acknowledging  in  pai 
ticular  the  following  additions  to  the  Papers  of  the  Institution : — 

On  A  Perforating  Machine by  Mr.  FothergilL 

—  Balancing  of  Wheels  in  Locomotives Mr.  M*  Connell, 

—  Rotary  Engines The  President. 

—  Boring  Cylinders   Mr.  Beyer. 

—  Boiler  Explosions  Mr.  Smith. 

—  A  new  Boiler  and  Condenser Mr.  Craddock. 

—  An  Hydraulic  Starting  Apparatus Mr.  Jackson. 

—  An  Express  Locomotive  Engine    Mr.  Samuel. 

—  A  Bailway  Carriage  Elevator Mr.  Kinmond. 

—  A  Machine  for  preparing  Bone  Manure    ...  Mr.  Buckle. 

—  The  Cambrian  Engine  Mr.  Jones. 

A  Memoir  of  the  late  President Mr.  Scott  RusseU. 
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The  Council  have  to  allude,  with  feelings  of  the  deepest 
i«gRt,  to  the  recent  loss  sustained  by  the  Institution  in  the  death 
of  their  late  President,  who  will  be  always  remembered  by  the 
members  with  the  greatest  respect  and  esteem,  not  only  as  a  man 
of  exalted  genius,  but  as  the  first  President,  and  the  early  and 
efficient  supporter  of  this  Institution. 

A  careful  revision  of  the  Ilules  and  Bye-Laws  of  the  Insti- 

tojkiou  has  been  made  by  a  Committee  appointed  for  the  purpose^ 

in  accoidance  with  a  resolution  of  the  members ;  and  a  revised 

set  ot  Rales,  prepared  by  this  Committee,  has  been  circulated 

amongst  the  members,  and  is  submitted  to  them  for  approval  at 

the  present  Annual  Meeting. 

The  Officers  of  the  Institution  go  out  of  office  this  day 

MccrdiBg  to  the  rules,  and  a  ballot  will  be  taken  at  the  present 

neeting  for  the  election  of  the  Officers  for  the  ensuing  year.     In 

nbmitting  the  list  of  Officers  nominated  at  the  last  meeting  of 

the  Institution,  to  be  elected  at  the  present  meeting,  the  Council 

congratQlate  the   members   on  the  willingness  of  Mr.  Eobert 

Stephenson  to  succeed  his  late  lamented  father  as  the  President 

of  this  Institution.     They  also  consider  it  fortunate  that  they 

h«Te  been  able  to  prevail  upon  Mr.  Marshall  to  accept  Uie  office 

ef  Secretary,  vacant  by  the  resignation  of  Mr.  Eintrea ;    if  it 

Aall  be  the  pleasure  of  this  meeting  to  appoint  him  to  that  office, 

thednlies  of  which  he  has  been  performing  pro  tem. 

The  following  Beport  has  been  made  by  the  Finance  Com- 
nittee,  containing  the  Financial  Statement  of  the  affairs  of  the 
histitotion  for  the  year  ending  3 1st  December,  1848. 

BEPORT  OF  THE  FINANCE  COMMITTEE, 

^0  ik$  CouncU  of  the  Institution  of  Mechanical  Engineers,  Jan.  19, 1849 . 

Your  Committee  having  careAiUy  examined  and  checked  the 
virioaa  receipts  and  payments  of  the  Institution  during  the  year 
ending  the  3 1st  December,  1848,  beg  to  report  that  the  enclosed 
Balance  Sheet  rendered  by  the  Treasurer  is  correct 

Since  the  Slst  December,  the  account  has  been  paid  for  the 
^ograTings  of  the  Atlas  Luggage  Engine  and  the  Multifarious 
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Perforating  Machine,  that  have  been  suppUed  to  the  members  ; 
javing  an  available  balance  now  in  hand  of  £147.  9«.  Irf.  There 
re  several  copies  of  these  engravings  remaining  in  the  possession 
f  the  Institution,  which  are  intended  to  be  supplied  to  the  mem- 
ers  at  a  moderate  price,  and  for  the  purpose  of  affording  an 
pportunity  to  the  future  members,  and  members'  friends,  oi 
btaining  copies  of  these  very  excellent  and  valuable  engravings. 


(Signed) 


Archibald  Slate, 
e.  a.  cov^ter. 
Wm.  Buckle. 


INSTITUTION  OF  MECHANICAL  ENGINEERS 
BALANCE  SHEET, 
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(Signed) 


9th  January^  1849. 


Abchibald  Slats. 

£.  A.  COWPBB. 

Wm.  Buoklb. 


The  Chairman  observed,  that  the  Council,  in  retiring  from 
flBce,  all  agreed  that  the  adveuitages  had  not  yet  been  fully  reaped 
hich  an  Institution  of  this  description  was  calculated  to  bestow  on 
s  members.  The  last  year  had  been  a  particularly  unfortunate 
ne  as  respects  the  officers  of  the  Institution ;  they  had  lost  theii 
ite  respected  President,  and  there  had  necessarily  been  some  want 
f  active  management  caused  by  the  change  of  officers,  which, 
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together  with  the  depression  of  the  times,  had  rendered  the  effi- 
ciency of  the  Institution  less  perceptible  than  it  would  otherwise 
hire  been.    They  no^w,    however,  saw  the  elements  of  success 
soongly  marked ;  and,  as  the  report  recommended,  it  rested  with 
die  Members  themselves  to  carry  out  the  objects  of  the  Institution, 
ind  to  make  it,  as  it  deserved  and  was  intended  to  be,  the  first  in- 
sdtation  for  the  class  of  subjects  for  which  it  was  founded.     He 
regretted  very  much  that  they  had  not  had  at  that  meeting  the 
pioence  of  their  President  elect,  Mr.  Robert  Stephenson,  a  gen- 
tteman  whom  they  all  respected,  and  who,  he  was  sure,  would  do 
iD  in  Us  power  to  extend  the  benefits  of  this  Institution  and 
promote  its  best  interests.     Ue  hoped  that  at  their  next  quarterly 
Bieetmg  they  should  have  the  pleasure  of  meeting  Mr.  Bobert 
Stephenson,  who  would  then  be  able  to  impress  on  them,  with 
more  power  than  he  was  capable  of,  the  advantages  which  this 
Insdtation  will  afford  to  the  members,  and  which  he  had  no  doubt 
will  be  obtained  by  proper  attention  to  the  object  for  which  it  was 
foimded,  (applause). 

Mr.  Ramsbottom  said,  he  had  great  pleasure  in  moving  the 
ftdoption  of  the  Report  that  had  just  been  read. 

Mr.  Whitworth  seconded  the  motion,  and  it  was  passed. 

The  Chairman  said,  the  next  subject  for  their  consideration 

was  the  appointment  of  the  President  for  the  year  ensuing.     Mr. 

Bokrt  Stephenson  was  proposed  at  the  last  meeting;   but  in 

order  to  comply  with  the  rules  of  the  Institution,  it  was  necessary 

that  he  should  be  formally  elected  by  the  members  at  the  Annual 

Meeting.    He  felt  sure  it  was  quite  unnecessary  for  him  to  say 

one  word  in  support  of  that  proposition,  as  Mr.  Robert  Stephenson 

was  a  gentlemen  so  well  known,  and  his  character  and  talents  were 

BO  muversally  acknowledged ;  he  therefore  begged  leave  to  propose 

him  as  President  of  the  Institution  of  Mechanical  Engineers. 

Mr.  FoTHEROiLL  Said,  he  had  very  great  pleasure  in  second- 
ing that  nomination,  and  the  resolution  was  passed  with  acclama- 
tion. 

The  Chaibican  said,  the  other  appointments  of  Treasurer 
md  Secretary  were  now  to  be  filled  up  for  the  ensuing  year. 

Mr.  Thornton  (Mayor  of  Birmingham)  said,  he  rose  with 
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sure  to  propose  a  vote  of  thanks  to  the  respected  Trea- 
eir  Institution  for  the  past  year,  Mr.  Charles  Geach,  and 
to  propose  that  he  be  elected  Treasurer  for  the  ensuing 
very  much  regretted  that  indisposition  prevented  Mr. 
•m  being  amongst  them  on  the  present  occasion ;  the 
icially  as  he  was  prevented  by  a  similar  cause  from 
3ent  at  the  last  Annual  Meeting.  Since  then  he  had 
igst  them,  but  to  the  extraordinary  manner  in  which  he 
rmed  the  duties  of  his  recent  oflfice  of  Mayor  might  be 
,  in  some  measure,  his  present  indisposition.  They 
)llect  the  great  interest  which  he  took  and  the  attention 
ed  in  the  formation  of  this  very  valuable  Institution ; 
iterest  he  takes  in  attending  the  meetings  must  render 
B  of  great  regret  to  the  members  that  he  was  not  able  to 
b  at  that  meeting. 

resolution  was  seconded  by  Mr.  Buckle,  and  carried. 
Eenderson  proposed  that  Mr.  Marshall  be  appointed 
for  the  ensuing  year;  he  said  the  members  so  well 
d  the  qualifications  of  Mr.  Marshall  for  that  office,  tliat 
esence  he  thought  it  quite  unnecessary  to  make  aoy 
n  the  subject ;  ho  most  cordially  proposed  his  appoint- 

Peacock  said  he  had  great  pleasure  in  seconding  the 
mt  of  Mr.  Marshall  to  that  office,  and  the  resolution 
d. 

Chairman  said  the  next  subject  to  be  considered  was 
The  members  would  recollect,  that  at  the  last  annual 
a  Committee  was  appointed  for  the  purpose  of  making 
nendments  considered  necessary  in  the  rules.  That 
e  had  drawn  up  an  amended  code  of  rules,  of  which 
d  been  sent  to  all  the  members  for  their  consideration, 
LS  the  duty  of  that  meeting  to  decide  upon  these  rules. 
1  that  these  rules,  as  submitted  to  the  members,  be  now 
s  the  Rules  of  the  Institution. 

Slate  seconded  the  motion,  and  said,  that  as  one  of 
littee  engaged  in  re-modelling  these  rules,  he  felt  that 
attention  had  been  given  to  them ;  and  the  resolution 
d. 
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The  CflAiUMAN  said,  the  Committee  appointed  to  open  the 
Wbt  lists,  reported  that  the  following  memhers  werfe  elected  as 
tbeYice-PresidentB  and  Council  for  the  ensuing  year. 

VICE-PRESIDENTS. 

Mr.  CHARLES  BEYER,  Mancbester, 
Mr.  J.  E,  M'CONNELL,  Wolverton, 
Mr.  JOSEPH  MILLER,  London. 

COUNCIL. 
Mr.  WILLIAM  BUCKLE,  Birmingham, 
Mr.  THOMAS  CABRY,  York, 
Mr.  E.  A.  COWPER,  Birmingham, 
Mr.  JAMES  FENTON,  Leeds, 
Mr.  BENJAMIN  FOTHERGILL,  Manchester, 
Mr.  EDWARD  HUMPHREYS,  London, 
Mr.  EDWARD  JONES,  Bridgewater, 
Mr.  W.  A.  MATTHEWS,  Sheffield, 
Mr.  RICHARD  PEACOCK,  Manchester, 
Mr.  R.  B.  PRESTON,  liTerpool, 
Mr.  JOHN  RAMSBOTTOM,  Manchester, 
Mr.  J.  SCOTT  RUSSELL,  London, 
Mr.  ROBERT  SINCLAIR,  Glasgow, 
Mr.  ARCHIBALD  SLATE,  Dudley, 
Mr.  WILLIAM  WEALLENS,  Newcastle-on-Tyne. 

The  Chainnan  announced  that  the  following  new  Members 
^we  ibo  elected. 

MEMBERS. 
Mr.  CHARLES  COWPER,  London, 
Mr.  WILLIAM  FAIRBAIRN,  Jun.,  Manchester, 
Mr.  JOHN  JAMES  RUSSELL,  Wednesbury, 
Mr.  JOHN  TAYLOR,  Manchester, 
Mr.  J.  B.  TIERNEY,  Tipton. 

HONORARY    MEMBER. 
Mr.  EATON  HODGKINSON,  London. 

Mr.  FoTHERGiLL  Said,  he  begged  leave  to  intimate  that  it 
w«  his  intention  to  retire  from  the  Council,  as  he  felt  a  disposi- 
tion to  make  way  for  some  one  else,  who  would  do  his  best  to 
[^mote  the  interests  of  the  Institution. 

Mr.  Clift  said  he  had  great  pleasure  in  proposing  a  vote 
of  thanks  to  the  Council  for  their  valuable  services  during  the 

B 
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past  year.  Owing  to  their  ^eat  zenl  and  diligence,  notwith- 
standing the  hindrances  that  might  have  resulted  from  the 
lamented  death  of  the  Preeident,  everything  had  been  done  for 
promoting  the  best  interests  of  the  Institution. 

The  motion  was  seconded  by  Mr.  Henry  Smith,  and  passed. 

The  Chairman  said,  he  had  been  requested  by  the  Council 
to  return  thanks  for  the  kind  vote  of  confidence  and  approbation 
with  which  they  had  been  favoured.  He  could  say  on  behalf  of 
himself  and  the  other  members  of  Council,  that  the  time  they  had 
devoted  to  the  interests  of  the  Institution  was  a  serious  considera- 
tion to  luany  of  them,  and  as  one  of  the  early  supporters  and 
friends  of  the  Institution,  he  could  speak  feelingly  on  that  point ; 
but  though,  with  respect  to  those  interests,  they  had  laboured 
heartily  and  earnestly,  they  would  be  fully  rewarded  when  they 
found  the  Institution  take  that  position  in  the  scientific  world  to 
which  they  considered  it  entitled,  as  the  Institution  of  Practical 
Mechanical  Engineers,  (applause).  He  had  now  to  bring  before 
the  Meeting  some  Papers,  which  had  been  supplied  to  the  Council 
and  approved  for  their  consideration. 

The  Secretary  then  read  the  following  paper  by  Mr.  De 
Bergue,  who  pointed  out  the  references  on  the  drawing. 

ON  A  STATION  BUFFER. 

aaaa  represent  the  timbers  forming  the  framework  of  the  apparatus, 
BB  being  the  main  posts  against  which  the  pedestals  of  the  cross  shaft, 
or  axle,  are  fastened. 

c  is  a  wrought-iron  Shaft  supported  on  a  journal  at  each  end  ;  there 
are  two  Pinions  dd  on  this  Shaft,  which  are  of  wrought-iron,  and  cut  out 
of  the  soUd  shaft ;  the  centre  of  this  shaft  has  a  boss,  a  little  larger  in 
diameter  than  the  outside  diameter  of  the  pinions,  and  upon  this  boss 
there  is  a  cast-iron  Friction  Pulley,  which  is  firmly  keyed  to  it ;  the  out- 
side of  this  pulley  is  turned,  and  is  smrounded  by  afiiction  cHp  ee. 

The  moveable  Buffer  rods  ff  are  made  of  timber,  and  are  furnished 
at  the  under  part  with  two  wrought-iron  Racks,  which  are  firmly  bolted  to 
them  ;  these  racks  gear  into  the  two  pinions  on  the  main  axle ;  the  pitch 
of  the  teeth  is  H  i^^ch,  the  breadth  of  the  racks  5  inches,  and  the  breadth 
of  the  pinions  6i  inches.  Above  the  pinions  and  above  the  wooden 
buffer  rods,  two  friction  pulleys  go  are  placed  to  keep  the  racks  properly 
in  gear. 
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HR  are  two  castriion  Chedks,  resting  at  one  end  on  die  shaft,  the 

otberenfe  bang  firmlj  bolted  to  the  ground  ;  these  cheeks  are  placed 

Oft  adi  nde  oi  the  Motion  pulley,  the  shaft  revolving  freely  through 

tlHiA,  hut  they  act  as  levt^B  to  resjst  the  revolving  power  of  the  shaft 

vben  it  is  set  in  motion  ;  these  cheeks  are  connected  together  at  i  by  a 

B&QDg  cylindrical  stay  bolt,  which  passes  through  them  both,  and  to  this 

Uk  1  ooe  end  of  the  friction  clip  £  is  attached,  jj  are  two  smaller  cheeks^ 

flkobeld  in  their  position  by  the  bolt  i,  upon  which  they  revolve  freely. 

The  other  end  of  the  friction  clip  e  is  attached,  by  means  of  a  round  bolt 

or  sfaij  K,  to  the  lower  extremities  of  these  two  smaller  cheeks,  as  shown 

mthesectkm. 

L  is  a  steel  Spring,  attached  at  one  end  to  the  two  small  cheeks,  and 
peaang  at  the  other  end  on  the  back  of  the  wrought-iron  cm-ved  Lever  m  ; 
te  kver  is  held  at  one  end  by  the  aforesaid  bolt  i,  which  passes  freely 
thna^  it,  and  u{x>n  which  it  can  oscillate,  kn  is  a  cross  beam  made  of 
aa^frinm ;  this  beam  is  fastened  at  the  ends  to  the  two  buffer  rods,  and 
torek  with  them  :  on  the  centre  of  this  beam,  and  just  under  the  lever 
m  there  is  a  small  friction  roller  p,  with  a  groove  in  it,  .in  which  groove 
the  under  and  curved  part  of  the  lever  m  rests. 

Now  when  the  Buffers  are  driven  up  by  the  impetus  of  a  body  coming 
in  contact  with  them,  it  is  evident  that  the  Racks,  gearing  into  the  Pinions 
OQ  the  abaft,  will  compel  the  Shaft  and  the  Friction  Pulley  to  revolve  in 
the  direction  of  the  arrow,  and  that  the  friction  dip  will  offer  a  resistance 
to  die  revolving  of  the  friction  pulley  in  proportion  to  the  pressure  or 
Bizmi  pot  upon  it  by  the  pressure  of  the  Spring  l,  and  this  pressure  may 
he  legdatad  at  will  by  means  of  the  set  screw  o ;  but  as  the  buffers 
ptooed  m  tbea  course,  the  grooved  Boiler  P  is  carried  forward  in  a 
honaontal  strai^t  line,  and  thus  forces  up  the  curved  Lever  tf ,  which 
pnfiBiDg  haider  on  the  end  of  the  Spring  l,  keeps  increasing  the  pressure 
QD  the  friction  cUp,  and  in  consequence  the  resistance  of  the  Buffing 
vpfuatiss. 

The  advantages  of  this  Buffer  are,  that  it  is  simple  and  most  effective 
ia  its  results,  as  it  may  be  regulated  to  act  with  any  desired  amount  ai 
resistiace;  it  occupies  but  little  space,  is  not  expensive,  and  has  no 
Kooil  action. 

The  Ghaibmak  asked  Mr.  De  Bergne  if  he  could  state  the 
cxpeuM  of  one  of  these  buffers  fixed  at  a  station. 

Mr.  Dk  Bergue  said  he  did  not  know  exactly,  but  thought 
awott]dbeabont£L20. 
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Mr.  Slate  asked  him  to  explain  his  view  of  the  superiority 
of  this  buflfer  over  the  ordinary  spring  buffers. 

Mr.  De  Bergue  said,  that  in  the  ordinary  buffers,  the  springs 
have  to  move  through  a  great  sp^ce,  presenting  very  little  resistemce 
at  first,  and  it  was  only  when  they  were  driven  up  considerably  that 
they  gave  out  their  resistance ;  but  when  a  train  was  stopped  there 
was  a  certain  quantity  of  momentum  to  be  overcome  at  once.  In 
his  plan  there  was  the  advantage  of  the  buffer  being  regulated  to 
traverse  as  much  as  was  required,  and  the  amount  of  resistance 
regulated  throughout ;  and  then  again  there  was  no  recoil  of  the 
buffer.  A  spring  buiflPer  could  not  be  regulated  in  that  manner, 
and  there  was  the  recoil  of  the  springs  to  contend  with. 

Mr.  Adams  asked  whether  any  member  could  give  informa- 
tion about  the  Hunt's-Bank  Station  Buffer. 

A  Member  said,  he  believed  it  was  made  with  a  series  of 
4  double  springs,  and  had  about  6  feet  length  of  action,  and  that 
it  had  no  recoil. 

The  Chairman  asked  Mr.  De  Bergue  what  was  the  range  of 
his  buffer. 

Mr.  De  Bergue  said,  the  one  shown  in  the  drawing  had  a 
range  of  8  feet,  but  he  was  making  one  like  it  for  Mr.  Fowler 
with  3  feet  range. 

The  Chairman  asked  what  range  he  would  recommend. 

Mr.  De  Bergue  said,  that  must  depend  very  much  on  the 
station ;  if  it  were  an  inclined  plane,  it  would  of  course  require  a 
much  more  powerful  one  :  he  would  propose  6  or  8  feet  range  for 
such  a  station  as  Birmingham.  A  spring  buffer  had  no  recoil 
when  made  with  racks  to  hold  back  the  springs  when  they  were 
driven  up  ;  but  if  the  catches  of  the  racks  gave  way,  there  would 
be  injury  from  the  recoil.  In  his  plan  there  was  no  recoil ;  the 
buffer  was  worked  back  by  hand  after  it  had  been  driven  up. 

The  Chairman  observed,  that  the  advantage  of  the  buffer 
appeared  to  consist  in  the  ease  with  which  it  could  be  brought  back 
to  its  former  position  without  any  recoil. 

Mr.  FoTHERGiLL  Said,  it  appeared  that  the  difference  between 
the  invention  of  Mr.  De  Bergue  as  represented  there,  and  other 
plans  in  operatiou,  consisted  in  the  fact  that  in  his  plan  it  is 
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lere  were  none  made  strong  enough ;  but  with  his  principle  of 
iction  it  might  be  done.  The  most  powerful  spring  buffers 
ould  not  overcome  more  than  4  or  5  or  6  tons,  but  he  proposed 
)  begiu  with  3  or  4  tons,  and  to  go  on  increasing  it  to  10  tons, 
r  as  much  as  the  train  of  carriages  could  stand. 

Mr.  Hodge  asked  what  he  proposed  to  make  the  rack  of. 

Mr.  De  Bkrgue  said,  wrought  iron,  cut  out  of  the  solid. 

Mr.  Hodge  asked  if  he  did  not  think  that  with  the  percussive 
3rce  of  a  train,  proceeding  at  the  rate  of  10  or  12  miles  an  hour, 
be  teeth  would  be  stripped. 

Mr.  De  Bergue  did  not  think  so,  because  it  would  be  useless 

0  put  a  strain  on  the  friction  drum  sufficient  to  strip  the  teeth. 
i  train  running  at  12  miles  an  hour  could  not  be  stopped  in 

1  feet. 

Mr.  Hodge  observed,  that  he  was  doubtful  of  the  resisting 
lower  of  the  teeth,  on  account  of  the  sudden  percussive  force  they 
irould  be  subjected  to;  but  he  thought  there  was  great  range 
n  the  buffer,  and  approved  of  its  principle  more  than  of  the 
pring  buffer. 

Mr.  De  Bergue  said,  that  he  calculated  each  tooth  of  the 
ack  would  stand  a  force  of  20  tons. 

The  Chairman  asked  him  to  give  the  result  of  the  trial  of 
he  buffer  he  was  making  for  Mr.  Fowler,  when  it  was  completed. 

The  Chairman  then  called  upon  Mr.  Kichmond  to  explain 
lis  Improved  Engiue  Counter,  which  was  exhibited  to  the  meet- 

DESCEIPTION  OF  AN  IMPROVED  ENGINE  COUNTER 

This  Engine  Coimter  is  not  brought  forward  as  an  original  inven- 
ion,  but  as  an  improvement  on  the  engine  counters  previously  used, 
rhe  main  points  of  improvement  are  the  simplicity  and  certainty  of  the 
iction ;  for  however  rapidly  the  Counter  may  be  worked,  it  is  impossible 
hat  the  first,  or  units  band,  can  move  more  or  less  than  one  division  of 
he  dial  for  each  stroke  of  the  engine ;  and  another  improvement  is 
he  method  of  calculation  adopted,  all  the  hands  revolving  the  same 
mj.  This  Counter  is  much  less  expensive  than  those  previously  used, 
knd  it  is  now  being  generally  adopted  for  marine  engines  going  trans- 
itlantic  voyages ;    the  expense  of  the  Great  Western  Counter  was  j£ii5 
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Iriving  wheels  because  of  the  slipping,  and  the  other  wheels  make 
Ls  many  as  480  revolutions  in  a  minute.  There  was  therefore 
liis  great  objection  to  it ;  but  he  proposed  to  derive  the  first 
notion  from  a  worm  on  the  axle  of  the  wheels,  with  a  vertical 
ihaft  to  the  counting  apparatus,  and  attaching  that  to  the  ordinary 
fas  meter  dials,  which  he  thought  was  quite  sufficient. 

Mr.  EiCHMOND  observed,  the  hands  of  the  gas  meter  dials 
lid  not  revolve  all  the  same  way,  as  was  the  case  in  his  counter, 
ind  that  was  an  advantage  in  the  latter. 

The  Chairman  suggested  that  it  might  be  worth  his  atten- 
ion  to  see  whether  he  could  devise  some  plan  for  applying  it  to 
he  purpose  mentioned,  as  it  was  very  desirable  to  have  a  counter 
or  the  number  of  miles  run  by  a  locomotive. 

Mr.  KiCHMOND  said,  in  answer  to  a  question,  that  he  had 
ried  very  great  speed  on  his  counters,  but  not  so  much  as  400 
strokes  per  minute. 

Mr.  FoTHERGiLL  said,  in  connection  with  this  counter  ho 
Nonli  mention  the  counting  apparatus  generally  used  in  cotton 
jpinning  machinery,  which  registers  up  to  4,000  in  one  revolution 
^f  the  two  discs ;  it  is  placed  on  a  wheel  which  receives  its  mo- 
ion  from  a  pinion,  and  he  had  no  doubt  it  would  suit  the  pur- 
)oses  of  Mr.  Kamsbottom,  and  it  would  not  be  so  bulky  as  this 
3ounter  by  one  half. 

The  Chairman  asked  Mr.  Whitworth  if  he  had  not  some 
)lan  of  counter. 

Mr.  Whitworth  said  it  was  very  simple,  it  was  a  worm 
working  in  two  wheels,  and  counted  up  as  high  as  30,000. 

The  Secretary  then  read  the  following  paper  by  Mr.  Hick, 
)f  Bolton. 

ON  A  PATENT  STARTING  AND  DISENGAGING 
APPARATUS. 

This  Apparatus  is  used  for  connecting  and  disconnecting  steam 
sngines  or  other  motive  power,  with  shafts  and  machinery,  in  such 
naimer  as  to  gradually  transmit  or  withdraw  the  power  required  for 
lri\Tng  the  machinery,  and  modify  the  intensity  of  the  shock  caused  by 
udden  connection  or  disconnection. 

In  cotton  mills,  where  this  apparatus  has  been  applied  to  the  lines 
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t  work,  with  very  slight  alterations  in  their  present  arrangement  oi 
rdinaiy  catch  boxes. 

Figure  1  is  a  Sectional  Plan. 

Figure  2  is  a  Sectional  Ele>'ation. 

Figure  3  is  an  End  Elevation. 

Figures  4,  5,  and  6  represent  the  Apparatus  as  applied  to  a  paix 
f  Bevel  Wheels  in  an  internal  form,  and  this  may  be  also  i^pHed  tc 
ny  other  sort  of  Wheel  or  Coupling,  a  is  the  driving  Shaft,  upon 
rhich  the  Wheel  b  is  fixed,  working  into  the  Wheel  c,  which  is  prepared 
ith  a  projecting  Ring  d,  and  runs  loose  upon  the  Shaft  f  ;  inside  the 
rojecting  Ring  d  is  a  driving  Disc  G,  fitted  and  keyed  upon  the  Shaft 
,  and  this  Disc  is  fitted  with  three  expanding  Segments  h  h  h,  lined 
ith  sheet  copper,  or  other  metal,  to  prevent  the  interior  of  the  Ring  d 
rom  galling,  which  copper,  &c.,  may  be  replaced  when  worn.  The 
xpanding  Segments  h  h  h  are  secured  to  the  Disc  o  at  the  centre  oi 
Bujh  by  three  projecting  Driving  pieces  j  j  j,  fitted  and  sliding  freelj 
1  corresponding  grooves  in  the  Disc  g,  and  each  Segment  has  also  two 
olts  K  K,  with  nuts  screwed  against  shoulders,  and  fitting  slotted  holes 
}  admit  of  expanding,  yet  keeping  the  Segments  h  h  h  dose  to  the 
)isc  G.  Also  between  the  ends  of  each  Segment  there  are  three  Screw? 
L  L,  with  right  and  left-handed  threads,  fitted  into  suitable  adjusting 
uts,  and  from  the  middle  of  each  screw  a  Lever  m  projects  towards  the 
entre  of  the  Shaft  f  ;  each  Lever  is  connected  by  a  Link  and  pin  to  a 
ling  N,  which  slides  upon  suitable  keys  in  the  shaft  f,  and  is  carried 
Dund  with  it  when  in  motion. 

The  sliding  Ring  is  moved  in  and  out  by  Levers  ia  the  usual  way. 

When  the  Shaft  f  and  the  driving  Disc  o,  with  its  expanding 
Segments  h  h  h,  Screws,  Levers,  Links,  and  sliding  Ring,  attached 
bereto,  are  stationary,  the  Wheels  only  and  the  Shaft  a  are  in  motion 
nd  the  Ring  d,  with  its  Links,  &c.,  will  project  out  as  far  as  the  Levers 
ud  Links  permit.  By  forcing  up  the  Ring,  motion  is  given  to  the  righl 
nd  left-handed  Screws,  which  expeind  the  Segments  pressing  their  outei 
urface  (which  is  covered  with  sheet  copper,  or  other  material)  againsl 
iie  interior  of  the  projecting  Ring  d  with  a  gentle  and  gradual  force 
quivalent  to  the  power  required. 

Figure  4  is  a  Sectional  Plan. 

Figure  5  is  a  Side  Elevation. 

Figure  6  is  an  End  View. 

Figures  7,  8,  and  9  represent  the  Apparatus  upon  a  very  simple 
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plan  of  construction,  which  may  be  applied  to  Spur,  Bevel,  and  Mitre 
Wbeeb,  or  Coni^gB  for  Shafts. 

A  is  the  driving  Shaft,  b  a  Spur  Wheel  keyed  upon  it,  working 
into  (he  Spur  Wheel  o,  which  is  prepared  on  one  side  with  a  projecting 
Ring  D,  and  runs  loose  upon  the  Shaft  f,  which  is  connected  with  the 
miduDeij  to  be  driven.  Upon  this  Shaft  is  keyed  a  driving  Disc  o, 
into  the  periphery  of  which,  on  opposite  sides,  two  or  more  brass  Slides 
RB  ue  fitted  into  suitable  grooves,  and  the  outer  surfaces  of  them  are 
fittol  to  the  interior  of  the  Bing  n,  and  extend  about  one-eighth  of  its 
internal  drcomference.  Between  these  Brass  Slides  and  the  centre  boss 
of  tlie  Disc  G,  are  fitted  two  or  four  Screws  j  J,  with  adjusting  nuts, 
nd  with  a  projecting  Arm  s  k  forged  to  the  end  of  each  Screw  nearest 
^  eeotie  of  the  Shaft,  but  projecting  outwards.  A  Bing  m  sliding  on 
^vs  in  the  Shaft  f  (and  carried  round  with  it  when  in  motion)  is 
cnoKted  by  Links  and  pins  to  the  projecting  part  of  the  Screws  j  j,  and 
is  mored  in  and  out  by  Levers  in  the  usual  way ;  giving  motion  to  the 
Screws  which  press  out  the  brass  Slides  or  driving  pieces  a  h,  against 
tbe  interior  sur&tce  of  the  Bing  cast  on  the  driving  wheel,  and  give  the 
BKHB  of  gentle  and  gradual  motion  to  the  machinery. 

RgOTB  7  is  an  Elevation. 

Figure  8  is  a  Sectional  View. 

T}gaie  9  is  an  End  View. 

Figures  10,  11«  12,  and  13  represent  the  Apparatus  applied  in  the 
fans  of  a  dis^sgaging  Coupling  for  a  Shaft,  and  the  same  modification 
n>^  be  applied  to  Wheels,  &c. 

4  is  the  driving  Shaft ;  b  a  hollow  Box  or  Disc,  forming  the 
f^^^enar  of  the  coupling  and  keyed  upon  the  Shaft-end,  its  centre  boss 
^tending  over  the  end  of  the  Shaft  a  ;  into  this  a  brass  bush  is  fitted, 
and  also  the  end  of  the  driven  Shaft  c,  which  revolves  freely  therein. 
IpoQ  the  exterior  of  the  centre  boss  belonging  to  the  Disc  b,  are  fitted 
two  eipanding  Segments  d  d,  with  their  external  surfiEice  lined  with  sheet 
copper,  and  fitted  against  the  internal  surface  of  the  outer  Disc  b.  The 
Bing  E  slides  upon  suitable  keys  in  the  Shaft  c,  and  is  fitted  with  two 
bsrdeoed  taper  projecting  Arms  f  f  introduced  between  the  Segments  d  d 
>t  opposite  points,  and  fitted  against  adjusting  screws. 

Tbe  sliding  Bing  e,  with  its  projecting  Arms,  is  moved  in  and  out 
I7  krexB  in  the  usual  way. 

When  the  Shaft  o  and  sliding  Bing  e,  with  its  projecting  Arms  and 
Segments,  are  stationaiy,  only  the  driving  Shaft  a  and  the  outer  Disc  b  are 
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in  motion,  and  the  Ring  e  will  project  from  the  coupling  about  the  lengt 
of  the  projecting  Anns,  but  retains  its  hold  of  the  Segments  ;  by  forcin 
the  Ring  e  by  the  Levers  as  before  mentioned,  the  segments  expan 
against  the  interior  surfietce  of  the  outer  Disc,  and  put  in  motion  gradual! 
the  shafting  and  machinery  required  to  be  driven. 

Figure  10  is  a  Sectional  View  through  the  centre  of  the  Shafts. 

Figure  1 1  is  an  Outside  View. 

Figure  1 2  is  a  Front  View,  with  the  shding  Ring  removed. 

Figure  Id  is  a  Detached  View  of  the  shding  Ring. 

Figures  14,  15,  16,  and  17  represent  the  Apparatus  m  somewhi 
similar  form  to  the  one  last  described,  but  modified  so  as  to  be  applie 
to  a  pair  of  Bevil  Wheels ;  the  principal  difference  relating  to  th 
e:^anding  Segment,  which  is  made  in  three  parts,  and  having  thre 
corresponding  tapering  projecting  Arms  attached  to  the  Shding  Ring. 

The  Chairman  remarked,  that  in  future  papers  it  would  I 
desirable  to  have  the  drawings  on  a  larger  scale,  and  the  part 
well  defined,  so  that  the  members  in  the  distant  parts  of  the  rooi 
might  clearly  understand  them ;  and  he  hoped  that  this  suggestio; 
would  be  adopted  by  those  members  who  might  be  preparinj 
papers. 

Mr.  CowPER  said,  this  starting  apparatus  appeared  to  b 
on  the  same  plan  as  one  used  by  Mr.  Oldhaln,  of  the  Bank  c 
England.  In  the  simplest  form  of  the  apparatus  shown  on  th 
drawing,  there  were  3  segments  made  to  fit  into  a  box,  and  the 
were  forced  into  contact  with  the  box  by  a  toggle  joint  moved  b 
a  lever ;  in  the  next  form  shown  the  segments  were  forced  out  b 
a  screw,  and  in  the  other  by  a  wedge.  It  was  very  like  th 
expanding  mandril,  and  he  thought  it  the  best  kind  of  clutc 
ever  made,  and  very  easily  managed. 

Mr.  Buckle  said,  it  was  the  best  contrivance  of  the  kind  tha 
he  knew.  They  had  a  number  at  Sohp,  very  similar  in  construe 
tion,  from  12  to  86  inches  in  diameter,  and  they  both  engage 
and  disengaged  without  the  least  noise  or  concussion.  He  ha 
used  them  with  4,  8,  and  2  segments,  and  found  that  those  wit! 
2  segments  answered  as  well  as  the  others ;  they  had  been  used  a 
Soho  for  18  or  20  years.  He  had  many  objections  to  the  caj 
and  screw  clatch^  and  the  crab  and  cone  clutch,  as  they  made 
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greit  noise  md  concossion^  and  risked  the  breaking  of  the  shafts. 
These  objections  led  bim  to  try  the  radial  clutch  with  8  segments, 
vUchaDsweied  the  purpose  in  a  satis&ctorj  manner.  He  had 
since  fitted  clutclies  ^with  4  and  2  segments  with  eqnal  success ; 
those  vith  2  segments  appeared  to  transmit  the  power  as  smoothly 
IS  the  others  with  more  segments.  The  radial  clutch  was,  in  his 
ofonioD,  the  best  description  of  clutch  that  had  been  tried. 

Mr.  Hodge  suggested  that  an  engrsTing  of  these  dutches 
vonld  beyery  useful  to  the  junior  members  of  the  Institution,  and 
atilnable  eoUecdon  might  be  made  of  the  various  plans  that  had 
ktt  inTeuted  for  the  purpose. 

The  Chairman  ohsenred,  that  there  was  now  an  opportunity 
ibr  the  junior  members  of  the  profession  to  be  admitted  into  the 
lutitntion  as  graduates. 

Mr.  Slate  asked  what  was  the  patent  claim  in  Mr.  Hick's 
datcb. 

Mr.  FoTHEROiLL  said,  he  believed  it  was  the  application  of 
tlus  clutch  in  connexion  with  something  else  in  calender  dash 
vbeels,  and  such  kind  of  works,  that  constituted  the  patent  claim. 

The  Chairman  remarked,  that  there  appeared  to  be  no 
iiiBerence  of  (pinion  as  to  the  merits  of  the  clutch,  independent 
of  the  question  of  originality. 

The  ChahAian  said^  die  next  subject  was  a  new  improve- 
■cot  in  Bailway  Chairs  and  Switches*  invented  by  Mr.  Baines  of 
Noniieh,  which  the  Secretary  would  explain  in  the  absence  of  the 
inveator. 

DESCRIPTION  OF  BATNES'  RAILWAY  CHAIRS  AND 
SWITCHES. 

The  first  portion  of  this  invention  is  an  improved  J<nnt  Chur,  the 
cljeet  of  wydi  is  to  prevent  the  joints  ficom  rising  or  getting  out  of  line, 
ttri  the  laik  firom  driving  forward.  The  outer  jaw  of  the  chair,  as  shown 
■  die  aeoompanymg  specimen,  fits  dose  up  to  the  under  side  of  the 
bead  of  the  nils,  but  llie  inner  jaw  is  only  of  suffident  height  to  clip 
tfaa  bottofm  flanch  of  the  rail ;  and  the  tail  is  not  fixed  by  a  key,  but  by 
aiqwv  wioD^triron  dowd-pin,  which  is  passed  through  a  hole  in  the 
Mtttr  jair  of  the  chair,  and  a  corcesponding  notch  in  the  end  of  each  vail. 
This  dowel-pin  is  1)  indi  wide  and  }  inch  thick,  and  has  a  large  flat 
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lead,  and  under  the  head  is  placed  a  wrought-iron  plate,  0  inches  long, 
rhich  fits  close  up  to  the  head  of  the  rails  on  the  inner  side,  and  rests 
n  the  chair.  A  square  cotter  is  then  driven  verticallj  through  the  outer 
nd  of  the  dowel-pin,  which  draws  the  whole  firmly  up  to  the  outer  jaw 
f  the  chair ;  the  wrought-iron  plate  is  i  inch  thick  in  the  middle,  tapered 
3  the  ends,  and  slightly  cambered,  and  it  is  sprung  flat  by  driving 
iie  cotter.  This  cotter  is  made  long  enftugh  to  drive  through  the  bottom 
f  the  chair  into  the  sleeper,  and  serve  as  the  spike  on  the  outer  side  of 
be  chair ;  a  slot  is  made  in  the  upper  part  of  it  to  allow  of  the  cotter 
eing  drawn  out  when  required,  by  inserting  a  lever  in  this  slot.  Two 
rdinary  spikes  are  driven  on  the  inner  side  of  the  chair. 

The  notches  in  the  rail  ends  are  made  by  a  revolving  cutter,  which 
)  shown  in  the  accompanying  drawing ;  the  rail  is  laid  in  a  cast-iron  bed 
a  the  machine,  and  the  cutter  is  made  to  a  fixed  guage,  so  that  all  the 
otches  in  the  rail  ends  correspond  exactly  in  size  and  position,  and 
bere  is  no  difficulty  in  keying  up  the  dowel-pin.  This  is  made  to  fill . 
be  hole  in  the  outer  jaw  of  the  chair,  but  only  fits  the  bottom  and  one 
nd  of  the  notch  in  the  rails,  to  prevent  any  weight  coming  on  to  it ;  and 
t  does  not  interfere  with  the  ordinary  allowance  for  expansion  between 
be  rails.  The  cutting  machine  is  in  a  portable  form  to  be  worked  by 
Land,  and  the  notches  in  the  rail  ends  can  be  readily  and  quickly  cut  on 
be  ground,  with  the  same  accmiacy  as  those  made  in  the  manufacture 
f  the  rails. 

The  pressure  of  the  wheels  has  no  tendency  to  loosen  the  fixing  of 
be  rails  in  this  chair,  as  it  is  all  resisted  by  the  chaif ,  the  outer  jaw  of 
rhich  fits  close  to  the  head  of  the  rails,  and  the  bottom  flanch  of  the 
ails  is  firmly  chpped  by  the  inner  jaw  of  the  chair.  The  dowel-pin  does 
iot  receive  any  of  the  pressure  of  the  wheels,  but  holds  the  rails  firmly 
gainst  the  outer  jaw  of  the  chair,  and  prevents  any  risk  of  a  foul  joint 
ccuiring. 

The  dowel-pin  also  prevents  the  rails  from  rising  at  the  joint,  and 
rom  driving  forwards ;  and  the  latter  is  an  important  advantage  both  for 
afety  and  economy,  as  the  action  of  the  trains  running  is  continually 
riving  the  rails  forward  to  so  great  an  extent  as  to  cause  a  considerable 
^em  in  the  expense  of  keeping  the  line  in  repair,  to  prevent  the  rail 
nds  being  driven  out  of  the  joint  chairs,  which  would  cause  a  serious 
ocident.  In  the  ordinaiy  construction  there  is  nothing  but  the  finction 
f  the  wood  keys  to  resist  the  driving  of  the  rails  ;  and  the  effect  of  the 
reather  on  the  wood  keys,  alternately  shrinking  and  swelling  them, 
Eiuses  their  hold  on  the  rails  to  be  gradually  weakened. 
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This  chair  prevents  the  rail  working  loose,  as  there  is  no  wa 
to  get  slack  or  lost  oat,  and  the  spikes  are  screwed  into  the  sleeps 
the  constant  serious  expense  of  renewing  the  keys  is  avoided,  ; 
expense  caused  by  the  great  number  of  chairs  broken  in  driving  If 
which  will  form  an  important  improvement  in  economy  and  saf^ 

The  only  trial  yet  made  of  these  improved  Joint  and  Intl 
Chairs  has  been  at  N(»rwich  Station,  where  a  short  length  iii 
line  has  been  laid  with  them  for  a  few  months,  which  has  pn 
satis&otory.  j 

The  last  part  of  the  present  invention  is  an  imprd 
Switches,  which  consists  principally  in  making  the  tongue  ol 
about  an  inch  deeper  than  the  main  rail,  so  that  the  bottom  f 
tongue  works  under  the  main  rail.     The  bottom  flanch  is  k| 
the  end  of  the  tongue  without  being  cut,  which  adds  mat/ 
sti&ess  and  steadiaess  of  the  switch  tongue,  by  giving  it  a| 
to  slide  upon.    Another  object  of  this  construction  is  to  mal 
clean  itself  in  working,  by  driving  the  dirt  under  the  mai^ 
of  against  it,  as  in  the  old  construction,  where  the  tongue  a 
rail  being  of  the  same  depth,  the  dirt  gets  pressed  between  th 
ever  the  switch  is  worked  and  cannot  escape,  which  is  a  great  Sv 
accident,  by  preventing  the  tongue  from  shutting  close  and  causing 
catch  the  flanch  of  the  wheels.     This  is  further  provided  for  by  the  . 
of  the  seats  of  the  switch  chairs,  which  are  made  with  a  raised  face  l 
diagonal  direction  for  the  tongue  to  slide  upon,  and  sloped  off  on  all  side 
by  means  of  which  the  working  of  the  tongue  continually  clears  the  dirt 
off  the  face  of  the  chairs. 

This  switch  is  capable  of  being  laid  either  right  or  left-handed, 
without  giving  up  the  advantage  of  having  the  long  tongue  to  \esA, 
becaase  the  two  tongues  are  shaped  exactly  the  same  on  both  sides  as 
the  bottom  flanch  is  not  cut,  and  they  will  fit  on  either  side  ;  the  onhp 
difference  in  changing  from  right-handed  to  left-haAded  being,  that  a 
slight  bend  of  the  tongue  Is  required,  which  is  done  by  the  plate-layer  in 
laying  the  switch.  The  point  of  the  tongue  is  prevented  from  rising 
when  a  train  passes  over,  by  the  bottom  flanch  of  the  tongue  locking 
itself  under  the  main  rail. 

The  lever  box  shown  in  the  accompanying  model  of  the  switch,  is 
made  to  prevent  the  entrance  of  dirt,  which  accumulates  in  the  present 
boxes  on  account  of  the  hige  opening  left  in  the  cover  for  the  lever  to 
work  through.     In  this  improved  lever  box,  the  lever  and  connecting 
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Before  proceeding  to  the  immediate  subject  of  this  paper,  it  is 
proposed  to  point  out  one  or  two  objections  to  locomotive  boilers  as  at 
present  constructed,  which  experience  has  brought  under  the  author  s 
notice  ;  and  then  to  describe  a  form  of  boiler  which  appears  to  him  in 
some  degree  calculated  to  remedy  the  defects  which  will  be  referred  to. 

It  is  scarcely  necessary  to  observe  that  the  absolute  power  of  a 
Locomotive,  or  any  other  steam  engine,  is  strictly  proportioned  to  the 
quantity  of  steam  which  the  boiler  of  such  engine  can  produce  in  a  given 
time ;  and  chemists  are  generally  agreed  that  the  quantity  of  atmos- 
pheric air  required,  (or  oxygen  which  is  the  supporter  of  combustion), 
as  well  as  the  quantity  of  fuel,  is  in  direct  proportion  to  the  quantity  of 
water  evaporated  ;  or  in  other  words,  to  produce  more  steam,  it  is  not 
only  necessary  to  supply  more  fuel,  but  also  more  atmospheric  air  in 
proportion  to  the  quantity  of  steam  produced. 

It  is  well  known  that  some  of  the  Locomotive  Engines  built  at 
the  present  day  have  from  two  to  three  times  as  much  heating  surface 
as  those  built  about  eight  or  ten  years  ago,  and  consequently  when  per- 
forming a  proportionately  increased  amount  of  duty,  they  require  from 
two  to  three  times  the  quantity  of  air  forcing  through  the  fire  in  the 
same  time. 

The  working  parts  of  these  Engines  have  also  been  increased  in 
dimensions ;  the  cylinders  from  12  inches  to  15  and  16  inches  diameter, 
the  stroke  firom  16  inches  to  SO  and  24  inches,  and  the  driving  wheels 
from  4  feet  6  inches  to  6  feet  diameter,  and  in  many  cases  even  more. 

Notwithstanding  all  these  enlargements  and  improvements  there 
are  however  two  elements  which  have  been  but  slightly  changed ;  namely, 
the  diameter  of  the  blast  pipe,  and  the  diameter  of  the  cylindrical  part 
of  the  boiler ;  and  as  the  whole  of  the  steam  (after  having  performed  its 
office  in  the  cylinders)  is  driven  in  a  forcible  jet  up  the  chimney  for  the 
purpose  of  producing  the  necessary  draught  through  the  fire,  and  as 
the  power  required  to  produce  this  jet  is  so  much  taken  from  the  gross 
power  of  the  engine,  it  follows  that  the  smaller  the  blast  pipe  is  in 
proportion  to  the  total  heating  surface  of  the  boiler,  the  greater  will  be 
the  resistance  to  the  action  of  the  piston,  and  the  greater  t^e  loss  of 
power  on  this  account 

From  observations  made  upon  Engines  under  the  author's  imme- 
diate superintendence,  it  appears  that  whilst  the  heating  surface  of 
Locomotive  boilers  has  been  increased  from  400  square  feet  (in  the  year 
1842)  to  987  square  feet  (in  the  year  1846),  the  blast  pipe  has  not  been 
in  the  slightest  degree  enlarged,  but  on  the  contrary  in  the  latter  case 
has  been  reduced  in  area  in  the  proportion  of  12^  to  8^  square  inches. 
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From  what  has  heen  said  it  will  readily  be  inferred  that  there  is 
some  difficulty  in  materially  increasing  the  power  of  Locomotive  En- 
gines, as  the  necessary  amomit  of  heating  surface  cannot  be  obtained 
without  increasing  the  diameter  or  the  length  of  the  boiler,  or  making  it 
oval,  to  all  of  which  plans  there  are  some  objections ;  but  by  the  method 
now  proposed  it  will  be  easy  to  enlarge  both  the  fire-box  and  tube  suifBice 
from  35  to  40  per  cent,  without  increasing  either  the  diameter  of  the 
boiler  or  its  length,  as  will  be  now  shewn. 

It  is  proposed  to  construct  the  copper  fire-box  with  an  arched  roof, 
the  top  of  which  shall  be  nearly  as  high  as  the  top  of  the  cylindrical 
part  of  the  boiler,  as  shewn  in  the  Drawing,  Fig.  1,  which  represents  a 
transverse  section  through  the  fire-box.  This  box  may  of  course  be 
made  any  length  without  sensibly  reducing  the  strength  of  the  roof,  and 
vnll  require  none  of  the  stay-bars  which  are  so  essential  to  the  security 
of  the  fiat-roofed  box,  and  which  for  a  moderate  sized  engine  weigh  not 
less  than  400  lbs. 

With  such  a  box  the  whole  of  the  cylindrical  part  of  the  boiler 
can  be  filled  with  tubes,  and  of  course  the  whole  of  the  longitudinal 
stays  be  removed ;  and  in  the  present  instance  there  are  225  tubes  of 
2  inches  external  diameter,  the  shell  of  the  boiler  being  -3  feet  8  inches 
diameter  and  10  feet  long ;  the  total  heating  surface  of  the  fire-box  is 
80  feet,  and  of  the  tubes  1177  feet,  maJdng  a  total  heating  sur&ce  of 
1257  feet. 

Such  an  arrangement  involves  the  necessity  of  keeping  the  boiler 
full  of  water,  and  it  is  therefore  requisite  that  a  separate  steam  chamber 
should  be  provided.  This,  as  will  be  perceived  from  the  Drawing,  con- 
sists of  a  cylinder  which  is  13  feet  long  and  20  inches  diameter,  fixed 
over  and  parallel  to  the  cylindrical  part  of  the  boiler,  or,  as  it  may  now 
be  termed,  the  generator.  This  tube,  which  has  a  cubic  capacity  of 
28^  feet,  is  connected  at  each  end  with  the  generator,  las  shewn  in  the 
Drawing  at  A  B,  Fig.  2,  which  represents  a  longitudinal  section  of  the 
boiler.  It  is  proposed  that  the  water  shall  occupy  about  one-fourth  of 
the  capacity  of  this  tube,  leaving  a  clear  space  of  say  of  21  cubic  feet 
for  steam ;  this  is  rather  more  steam-room  than  most  modem  boilers 
possess,  and  for  reasons  which  are  afterwards  mentioned,  the  author 
thinks  it  will  be  sufficient,  although  it  may  readily  be  increased  by 
slightly  enlarging  the  diameter  of  the  steam  chamber,  which  as  at 
present  shewn,  is  not  so  high  as  the  ordinary  steam  dome  by  about 
12  inches. 

It  has  been  proved  experimentally  by  Mr.  Robert  Stephenson  that 
the  generative  power  of  the  copper  fire-box  is  three  times  as  great  per 
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)ine  of  the  difficulties  experienced  by  LocomotiYe  Engineers,  and 
romote  the  best  interests  of  the  Bailway  world  in  general. 

The  Chatkman  said,  that  in  the  unavoidable  absence  of  Itj 
lamsbottom,  he  would  observe  that  his  object  in  the  foregoii 
aper  was  to  obtain  a  considerably  larger  area  of  flue-room  tbi 
a  the  present  locomotive  boilers,  and  to  make  a  boiler  of  a  lar 
eating-surface  with  less  weight. 

Mr.  Slate  was  of  opinion  that  for  the  weight  the  engi 
arried,  it  would  have  a  considerably  greater  eflective  heatin 
urface  than  any  previous  form  of  boiler;  but  he  thought  t 
oiler  would  have  as  great  a*  tendency  to  prime  as  any  other. 

^r.  CowPEB  was  also  of  opinion  there  would  be  a  great  te 
ency  to  prime  in  the  proposed  boiler ;  the  sur&ce  from  whi 
be  steam  had  to  rise  was.  the  entiie  surfeu^e  of  the  fiie-boz  ai 
iibes,  and  all  the  steam  had  to  pass  through  the  two  openin 
ttto  the  steam-chamber,  and  it  appeared  to  him  the  water  woo 
e  carried  up  there  in  a  complete  state  of  froth. 

Mr.  McCoNNELL,  while  agreeing  to  a  certain  extent  as  to  t 
lability  of  the  boUer  to  prime,  thought  it  might  be  obviated 
laving  a  more  continuous  communication  between  the  general 
,nd  the  steam-chamber ;  perhaps  the  steam-chamber  could 
Lxed  close  upon  the  top  of  the  generator,  and  a  continuous  lon| 
udinal  opening  be  made,  communicating  between  them  throng 
ut  their  entire  length.  He  thought  the  proposition  of  A 
lamsbottom  was  a  very  good  ona^  as  it  was  a  received  opioicm  tl 
he  proportion  of  the  flae-room  to  the  flfe-grste  sarbce  oould  i 
>e  too  large,  supposing  that  foil  advmtage  wm  taken  of  the  fl 
urCeuoe  before  the  heated  air  reached  the  chimney.  Whether  loi 
ubes  or  short  tubes  e^B  applied  to  loeomotived  were  most  adva 
ageous,  was  a  question  not  yet  decided,  and  he  thought  they  h 
carcely  data  enough  to  determiBC  as  to  the  advantage  of  lo: 
abes  on  the  ground  of  economy.  It  was  a  very  important  mati 
0  determine  what  length  of  tubes  was  most  advantageous  for  i 
tl  proportion  to  the  area  of  the  fire-grate. 

Mr.  C.  CowPER  was  not  aware  whether  there  was  a 
uthority  respecting  the  proportionate  heating  power  of  the  tul 
nd  the  fire-box,  besides  the  experiment  of  Mr.  Stephens^ 
lluded  to  in  the  paper. 
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g  the  air  into  more  effective  contact  with  the  sides  of  the  tube 
the  result  showed  no  loss  on  the  whole. 

Mr.  McCoNNELL  thought  it  was  certain  at  least  that  the  us 
'  the  rods  did  no  harm ;  and  it  must  either  be  considered  thi 
lere  was  no  advantage  in  a  large  flue  area,  or  that  there  w£ 
msiderable  advantage  in  mixing  the  air  in  passing  through  tl: 
ibes. 

Mr.  Slate  was  of  opinion,  that  even  on  the  ground  ( 
jonomy  a  large  number  of  tubes  was  advisable,  because  with  tl 
olent  and  frequent  action  of  the  pieces  of  coke  the  tubes  we: 
)on  worn  out ;  whereas  by  increasing  the  number  of  tubes  tl 
3locity  of  the  draught  would  be  diminished,  and  the  tubes  woul 
B  less  worn  and  would  last  longer. 

The  Chairman  remarked,  that  the  larger  the  area  of  the  flu 
le  better  it  was  for  the  engine,  as  it  must  offer  less  resistance  \ 
le  blast-pipe ;  but  he  was  not  certain  what  this  resistance  actual! 
mounted  to. 

Mr.  CowPER  said,  that  Mr.  Daniel  Gooch  had  found  fro 
is  indicator  cards^  that  the  resistance  of  the  blaat-pipe  amounts 
)  1 1  or  J  2  tbs.  per  square  inch,  at  a  moderate  velocity  of  aboi 
0  miles  an  hour. 

Mr.  McCoNNELL  observed,  that  as  a  certain  quantity 
eated  air  had  to  be  conveyed  from  the  fire-box  to  the  chimne 
nd  a  certain  area  of  heating  surface  was  also  required,  tlie 
rould  be  an  important  reduction  effected  in  the  resistance  of  tl 
last-pipe  by  increasing  the  number  of  tubes,  so  as  to  increai 
lie  area  of  passage  and  reduce  the  lengt'i  of  the  tubes,  diminisl 
ig  proportionately  the  resistance  of  the  air  passing  through  tl 
ubes. 

The  Chairman  said,  he  was  present  when  the  experimen 
rere  tried  that  were  mentioned  by  !Mr.  Bamsbottom,  to  ascerta 
lie  difference  between  the  degree  of  exhaustion  in  the  smoke-b( 
nd  in  the  fire-box ;  the  experiments  were  tried  with  a  long  boiJ 
ngine,  and  a  glass  water  guage  was  fitted  into  the  smoke-b 
nd  another  into  the  fire-box.  The  degree  of  exhaustion  in  t 
moke-box  averaged  three  times  as  great  as  that  in  the  fire-bc 
nd  this  proportion  was  found  to  be  nearly  the  same  at  all  vel 
ities  ;  the  greatest  amount  of  exhaustion  observed  in  the  smoi 
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engine  by  means  of  a  chain  passing  over  a  pulley  at  the  top  of  tl 
inclined  plane.  The  two  platforms  balance  one  another,  one  of  thei 
descending  while  the  other  ascends,  and  the  top  of  each  platform 
made  horizontal  and  works  level  with  the  gromid  at  the  bottom  and  wit 
the  stage  at  the  top  of  the  furnaces,  so  that  the  barrows  of  materials  sa 
readily  wheeled  on  and  off  the  platforms  ;  several  baixows  are  carried  I 
each  platform.  A  rack  is  fixed  on  the  inclined  plane  along  the  cent] 
of  each  line  of  railway,  and  a  catch  is  fixed  on  the  moving  platfor 
which  falls  into  the  teeth  of  the  rack  in  ascending,  for  the  purpose 
stopping  the  platform  and  preventing  an  accident  in  the  case  of  tJ 
chain  breaking ;  but  the  use  of  this  catch  is  found  to  be  inconvenie 
in  practice,  and  is  generally  omitted.  There  is  a  difficulty  in  stoppii 
the  platform  at  the  required  level,  and  the  inclined  plane  is  objectionab 
from  the  space  which  it  occupies  and  the  expense  of  its  construction. 

"VMiere  the  inclined  plane  cannot  be  employed,  the  power  of  tl 
steam  engine  is  not  employed  directly  to  draw  up  the  materials  vertical 
by  a  chain,  because  of  the  difficulty  in  working  it  conveniently  ai 
safely,  to  stop  the  platform  at  the  correct  level  for  wheeling  the  barro\ 
on  and  off,  and  prevent  the  risk  of  serious  accident  by  the  chain  brea 
ing,  particularly  in  the  night  work.  At  some  Iron  Worl«  an  endle 
chain  is  used  for  this  purpose  with  a  series  of  buckets  fixed  upon  i 
which  are  filled  with  the  materials  at  the  bottom  and  empty  themselv 
into  the  furnace  by  turning  over  at  the  top.  This  lift  is  not  suitable  f 
supplying  more  than  one  furnace ;  and  when  there  are  more  than  o; 
furnace  it  is  most  advantageous  to  employ  a  lift  that  will  take  up  t 
materials  in  the  barrows,  ready  for  wheehng  at  the  top  to  the  differe 
furnaces. 

Another  plan  for  lifting  vertically  is  by  means  of  a  water  balanci 
the  platform  on  which  the  barrows  of  materials  are  raised  is  suspends 
by  a  chain  passing  over  a  pulley  at  the  top,  and  a  bucket  is  attached 
the  other  end  of  the  chain ;  the  platform  in  descending  draws  up  tl 
empty  bucket,  and  when  the  platform  is  loaded  the  bucket  is  filled  wi 
water  until  it  overbalances  the  loaded  platform  and  draws  it  up.  The 
is  an  important  objection  to  this  plan,  that  the  bucket  descends  with  t 
accelerated  velocity,  and  a  friction  break  has  to  be  used  to  check  t] 
velocity  to  prevent  a  violent  concussion  on  stopping  its  momentum 
the  end  of  the  descent ;  this  causes  a  risk  of  accident  firom  breakaj 
of  the  chains,  and  the  friction  break  is  also  liable  to  derangement  ai 
expensive  repairs. 

At  the  Level  Iron  Works  near  Dudley  an  instance  occurred  whe 
a  vertical  lift  had  to  be  mtioduced  in  consequence  of  the  furnaces  beii 
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lains  and  repair  of  the  rubbing  parts.  An  accident  happened  once 
le  chain  breaking  whilst  lifting,  and  the  platform  fell  about  5  fe 
.using  a  shock  to  the  man  going  up  with  it,  but  no  injury  was  done 
le  machinery. 

An  improvement  on  this  Pneiunatic  Lift  was  made  by  the  author 
le  present  paper,  in  constructing  a  lift  on  a  considerably  larger  scale 
le  Corbyn  8  Hall  New  Furnaces  ;  this  is  shewn  in  the  accompany! 
rawing,  and  was  constructed  at  the  time  of  building  the  fumac< 
he  height  to  which  the  materials  have  to  be  raised  is  44  feet  6  inch< 
id  the  present  plan  was  designed  to  prevent  the  risk  of  an  accide 
iciuriog  through  the  breaking  of  a  chain.  There  are  four  fumac 
ippUed  by  this  lift,  which  is  fixed  between  two  of  them,  and  the  fo 
maces  are  connected  on  the  same  level  by  the  staging  at  the  top,  < 
liich  the  barrows  of  materials  are  wheeled  from  the  platform  of  the  lift 

In  this  lift  the  platform  for  raising  the  barrows  of  materials  is  fix( 
I  the  top  of  the  air  cylinder,  and  it  is  raised  by  the  pressure  of  t] 
ast,  the  action  being  the  reverse  of  the  former  plan.  In  the  accoi 
inying  Drawing  the  lift  is  shewn  at  the  highest  position  in  Fig.  1,  ai 
the  lowest  position  in  Fig.  2.  A  is  the  Air  Cylinder,  which  is  5  f e 
inches  diameter  and  51  feet  6  inches  long,  constructed  of  rivet< 
rought-iron  plates  averaging  J  inch  thick,  the  plates  being  ^  in< 
ick  in  the  lower  part  and  ^^  in  the  upper  part ;  the  cylinder  is  close 
the  top  and  open  at  the  bottom,  and  has  a  Throttle  Valve  B,  8  inch 
Euneter,  in  the  centre  of  the  top,  which  is  opened  by  pressing  dov 
e  Foot  Lever  C  fixed  upon  the  platform. 

D  is  the  Platform  on  which  the  materials  are  raised ;  it  consists  ' 
Euiking  carried  on  timber  bearers,  which  rest  upon  the  edge  of  tl 
linder  top,  and  upon  four  w^ough^iron  Brackets  E  E  carried  oi 
Eigonally  from  the  cylinder  to  steady  the  platform,  and  fixed  to  t\^ 
>ops  passing  round  the  cylinder. 

F  F  are  four  timber  Guides  placed  at  the  comers  of  the  platfora 
d  connected  at  top  to  the  level  stage  G  G  upon  which  the  bam)¥ 
materials  are  wheeled  to  the  mouth  of  the  furnace  H.  These  guide 
B  faced  with  angle-iron  on  the  inner  edge,  and  a  con*esponding  angl( 
►n  is  fixed  in  a  notch  at  each  comer  of  the  Platform  D,  to  shde  easil 
>  the  guides ;  the  height  that  the  platform  rises  is  44  feet  6  inches. 

Four  cast-iron  Balance  Weights  I  I  are  suspended  outside  tb 
lides  F  F  by  chains  which  pass  over  the  Pulleys  K  K  in  the  to 
iming,  and  are  attached  to  the  four  comers  of  the  platform  D.  Thes 
ur  balance  weights  weigh  about  6 J  tons,  and  the  air-cylinder  an 
itform  together  weigh  7  tons  ;  leaving  an  unbalanced  weight  of  abou 
jon  to  bring  down  the  air-cylinder  and  empty  the  platform. 
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The  air-cjlinder  A  descends  into  a  Well  L  L  which  is  filled  with 
later  to  the  level  M,  and  it  is  guided  by  four  Rollers  N  N  6  inches 
long  and  7  inches  diameter,  each  of  which  works  against  a  strip  of  bar- 
iron  HTeted  on  the  cylinder,  4  inches  wide  and  the  whole  length  of  the 
cylinder.  At  the  bottom  of  the  well  a  foundation  of  timber  0  is  fixed, 
tofonnastop  for  the  cylinder  in  descending,  and  the  cyUnder  rests 
upon  the  timber  when  at  the  lowest  position  by  a  ring  of  angle-iron 
riveted  round  the  bottom  edge.  The  cylinder  is  stopp^  on  rising  to 
the  top  by  a  wood  block  fixed  on  each  of  the  four  guide-posts  F  F, 
which  stop  the  platform  at  the  level  of  the  top  stage  G  G. 

P  is  a  cast-iron  Pipe  7  inches  inside  diameter,  which  conveys  the 
compressed  air  from  the  air-main,  and  the  Pipe  Q  of  the  same  size 
carries  it  into  the  cylinder,  passing  down  to  the  bottom  of  the  well 
between  the  cylinder  and  the  side  of  the  well,  and  rising  up  the  centre 
of  the  cyUnder ;  the  end  of  the  pipe  at  R  is  open  and  stands  above  the 
level  of  the  water. 

The  Valve  S  regulates  the  admission  of  the  compressed  air  into 
the  cylinder  when  the  platform  is  raised,  and  also  lets  out  the  air  from 
the  cylinder  when  it  Is  lowered.  This  valve  consists  of  a  plug  or  deep 
J  iston  shding  in  a  vertical  bored  cylinder  of  the  same  diameter  as  the 
tir  pipe,  which  is  closed  at  the  top  and  open  at  the  bottom.  When  the 
plog  is  in  the  lowest  position  as  shewn  in  Fig.  1,  it  closes  the  bottom  ol 
the  cyUnder  and  the  communication  is  opened  betwen  the  pipes  P  and 
Q.  and  the  compressed  air  passes  into  the  Air  Cylinder  A,  and  raises  it 
with  the  Platform  D,  by  the  pressure  of  the  air  upon  the  top  of  the 
cylinder  and  upon  the  surface  of  the  water ;  the  pressure  of  the  com- 
pressed air  is  '2^  Its.  per  square  inch,  and  the  water  is  depressed  inside 
the  cyUnder  to  T  and  raised  to  U  outside  the  cyUnder,  making  a  differ 
ence  of  level  of  5  feet  4  inches.  When  the  platform  is  required  to  b( 
lowered,  the  Plug  Valve  S  is  drawn  up  to  the  top  as  shewn  in  Fig.  2 
clobing  the  pipe  P  liiat  admitted  the  compressed  air,  and  leaving  th< 
pipe  Q  open  to  the  external  air  to  discharge  the  compressed  air  fron 
the  Cylinder  A ;  this  discharge  is  accelerated  by  opening  the  £scap( 
Valve  6  at  the  top  of  the  air-cylinder  by  means  of  the  Foot  Lever  C. 

The  total  pressure  of  the  compressed  air  against  the  top  of  the  ai: 
c}Under  Ls  3^  tons ;  and  deducting  the  unbalanced  weight  of  the  cyUnde: 
and  platform  i  ton,  this  gives  an  available  lifting  power  of  3  tons.  Th( 
load  of  materials  raised  varies  according  to  the  working  of  the  furnaces 
and  the  average  load  of  materials  raised  each  time  is  H  t/ons,  exclusiv 
of  the  barrows  and  men,  or  about  2  tons  gross  weight.  The  lift  i 
nised  16  times  per  hour  during  20  hours  in  each  day  of  24  hours,  c 
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once  in  3i  minutes ;  and  the  total  weight  of  materials  raised  each  ( 
is  about  600  tons.  The  time  of  raising  the  platform  from  opening 
inlet  valve  to  reaching  the  top  is  from  50  to  70  seconds,  according 
the  load  in  regular  work  ;  and  the  time  of  lowering  the  platform  is  fi 
30  to  50  seconds  according  to  the  degree  of  opening  of  the  escape  va 
on  the  top  of  the  air  cylinder ;  the  empty  platform  can  be  raised  in 
seconds,  and  lowered  in  25  seconds,  with  the  present  size  of  aperture 

In  raising  the  platform  the  inlet  valve  is  kept  full  open  until 
platform  arrives  at  14  inches  distance  from  the  top,  when  it  catche 
lever  which  gradually  draws  up  the  plug  of  the  inlet  valve,  so  far 
nearly  to  close  the  pipe  leading  to  the  air  cylinder;  this  checks 
moving  power  and  causes  the  velocity  of  the  platform  to  be  so  mi 
retarded  by  the  time  it  arrives  at  the  top,  that  the  platform  stops  d 
against  the  wood  blocks  without  any  concussion  being  felt.  The  p 
form  is  held  firmly  up  to  these  stops  by  the  pressure  of  the  air  as  1< 
as  may  be  required,  without  any  recoil,  and  without  requiring  any  catc 
to  hold  the  platform,  as  it  cannot  descend  in  the  least  imless  tlie  aij 
allowed  to  escape  from. the  cylinder,  and  the  supply  from  the  air  p 
keeps  it  full  in  the  case  of  any  leakage  taking  place.  When  the  p 
form  is  raised  empty,  a  wood  block  turning  on  a  pivot  is  slipped  by 
foot  under  the  lever  that  closes  the  inlet  valve,  so  as  to  begin  clos 
the  valve  sooner ;  this  is  adjusted  according  to  the  velocity  of  the  asc 
of  the  platform,  and  regulates  the  lifting  power  so  as  to  prevent 
concussion  on  stopping  at  the  top  of  the  ascent. 

When  the  platform  arrives  at  the  top,  the  men  who  go  up  with 
barrows,  wheel  them  off  to  discharge  the  materials  into  the  several  : 
naces ;  and  as  soon  as  the  empty  barrows  are  brought  back,  the  platf( 
is  lowered  by  drawing  up  the  plug  of  the  inlet  valve  to  the  top,  wl 
shuts  off  entirely  the  supply  of  compressed  air,  and  opens  the  exit  be 
the  plug  for  the  air  in  the  cylinder  to  escape.  This  is  done  by  the  r 
on  the  platform  at  the  top  by  means  of  a  rod  from  the  valve  carried 
the  framing ;  and  the  escape  valve  on  the  top  of  the  cylinder  is  t 
opened  and  kept  open  till  the  platform  is  near  the  bottom,  when  i 
closed  and  the  velocity  of  the  platform  is  so  much  checked  be 
stopping  that  scarcely  any  concussion  is  felt  at  stopping ;  it  can  ea 
be  stopped  without  any  concussion. 

The  velocity  of  the  platform  is  also  gradually  checked  in  descend 
by  the  gradual  immersion  of  the  cylinder  in  the  water,  which  redi 
the  unbalanced  weight  of  the  cylinder.  The  total  loss  of  weight  of 
cylinder  when  at  its  greatest  immersion  in  the  water  is  i  ton,  wl 
reduces  the  effective  unbalanced  weight  of  the  cylinder  and  platf 
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The  total  consumption  of  ooal-slack  by  the  blowing  engines  is 
13  tons  per  day  of  24  hours,  consequently  the  expense  of  workii] 
lift  is  ^  part  of  this,  or  4  cwt.  of  coal-slack  per  day,  costing 
5(2.  per  day ;  and  as  this  lift  raises  500  tons  of  materials  per  d 
follows  that  100  tons  are  raised  44  feet  6  inches  high  for  li 
4450  tons  are  raised  1  foot  high  for  Id.  The  quantity  of  air  re( 
to  fill  the  cylinder  of  the  lift  is  1128  cubic  feet,  and  the  total  coi 
of  the  blowing  cylinders  for  one  double  stroke  is  1056  cubic  feet ; 
sequently  an  increase  in  the  rate  of  the  engines  of  one  strok 
minute  is  sufficient  to  raise  the  lift  in  70  seconds,  without  dimini 
the  supply  of  air  for  the  blast  of  the  furnaces. 

These  two  circumstances  cause  an  important  economy  in  wo 
this  Pneumatic  Lift ;  a  small  power  constantly  acting  is  sufficient 
the  work,  and  the  sudden  application  of  this  power  concentrated  i 
short  time  causes  but  a  small  increase  in  the  rate  of  the  engine, 
total  cost  of  this  lift  was  about  £500  ;  and  the  cost  of  an  inclined 
lift,  including  the  engine  for  working  it,  would  be  about  double 
amount. 

This  Pneumatic  Lift  has  been  in  constant  work  for  the  last  9  \ 

and  no  accident  or  stoppage  has  occurred  with  it,  except  that  the  i 

of  one  of  the  balance  weights  broke  once  ;  the  platform  stopped  y> 

very  trifling  fall,  and  was  held  in  its  position  by  the  pressure  of  the 

no  damage  was  caused,  and  the  lift  was  got  to  work  again  withi 

hour's  time.     The  only  repairs  that  have  been  required  since  it 

menced  working,  are  the  renewal  of  the  chains  of  the  balance  we 

and  repair  of  the  pulley  bearings ;  the  set  of  chains  can  be  take 

and  replaced  whilst  the  lift  is  standing  during  the  dinner  hour,  wit 

causing  any  delay  to  the  work.     This  is  an  important  advantage, 

is  essential  to  ensure  a  contmued  supply  of  materials  to  the  fum 

and  to  avoid  any  risk  of  stoppage  for  repair  of  the  lifting  machinery 

The  platform  in  this  Pneumatic  Lift  cannot  Ml  quicker  than 

time  in  which  the  whole  body  of  air  can  escape,  amounting  to  '. 

cubic  feet ;  and  the  greatest  leakage  that  can  arise  from  an  injuiy  of 

cylinder  cannot  let  it  down  so  rapidly  as  to  cause  any  damage. 

load  is  supported  by  an  air  cushion  during  the  whole  time  of  its  as( 

instead  of  depending  on  chains  or  racks,  which  prevents  any  risk  o 

falling.     The  complete  control  over  the  motion  of  the  platform  tb 

given  by  the  air  valve  which  regulates  the  entrance  and  exit  of  the 

gives  the  means  of  checking,  stopping,  or  reversing  the  motion  at 

part  of  the  stroke ;  and  it  prevents  any  concussion  at  the  ends  of 

stroke,  although  the  lift  has  a  quick  action,  and  is  stopped  dead  at  i 
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end  of  the  stroke  at  the  exact  level  required.  The  friction  of  the  lift  is 
Toy  small,  as  the  cylinder  works  through  a  water  joint ;  and  in  conse- 
qoence  of  the  low  pressure  at  which  it  is  worked  the  loss  at  any  leak  is 
foy  small,  and  the  strain  upon  the  joints  is  much  diminished. 

This  Pneumatic  Lift  is  of  course  applied  most  economically  and 
MDTeniently  in  the  case  of  Blast  Furnaces,  where  the  compressed  air 
can  be  obtained  very  economically  and  without  additional  machineiy ; 
bat  it  is  probahle  that  its  apphcation  may  be  extended  advantageously  to 
sereial  other  cases,  such  as  raising  Railway  waggons,  or  even  Railway 
tnins,  discharging  vessels  at  quays,  and  various  other  purposes,  and  it 
possesses  several  advantages  which  make  it  deserving  of  consideration. 
The  low  pressure  at  which  it  is  worked  causes  great  simplicity  and  eco- 
nomy in  the  construction  and  working,  the  loss  at  leaks  being  reduced, 
and  the  joints  easier  kept  in  order ;  and  the  friction  is  very  small  as  the 
cylinder  works  through  a  water  joint  Where  the  lift  is  not  required  to 
be  ahiays  working,  but  only  to  be  worked  at  intervals,  a  further  economy 
could  probably  be  effected  by  employing  a  reservoir  for  the  compressed 
air,  to  accumulate  power  during  the  time  that  the  lift  is  not  required  to 
work,  and  thus  reduce  the  size  of  engine  requisite  for  the  work ;  a  large 
capacity  of  reservoir  could  be  constructed  at  a  moderate  expense,  on 
aoonmt  of  the  low  pressure  upon  it  It  may  be  mentioned  that  at  the 
Corbyn*8  Hall  New  Furnaces  the  reservoir  of  compressed  air  contains 
5000  cubic  feet  at  the  pressure  of  the  blast,  2^  the.  per  square  inch, 
and  consists  of  four  wrought-iron  cylinders  from  6  to  8  feet  diameter, 
coQstmcted  of  riveted  plates  from  ^  to  -^  inch  thick ;  and  the  cost  would 
be  about  £^  per  100  cubic  feet  for  air  reservoirs  of  this  construction. 

Mr.  Buckle  observed^  that  he  had  frequently  seen  this  lift 
at  the  works  of  Mr.  Gibbons,  and  could  bear  testimony  to  its 
smooth  and  exact  working  and  its  uniform  motion.  He  was  oi 
opinion  it  might  be  usefully  applied  to  a  variety  of  purposes,  as  it 
was  undoubtedly  the  best  description  of  lift  that  he  was  acquainted 
with  for  its  present  purpose. 

The  Chairman  said,  it  appeared  to  him  to  be  a  very  simple 
and  efficient  mode  of  raising  the  materials. 

Mr.  Cochrane  observed,  that  a  similar  lift  was  employed  at 
his  Iron  Works,  for  which  he  had  been  indebted  to  Mr.  Gibbons ; 
it  had  proved  entirely  satisfactory,  and  there  had  never  been  anj 
accident  with  it 

Mr.  Gibbons  remarked,  that  his  object  in  bringing  the  M 
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before  the  Institution^  was  to  render  it  more  generally  asefol ;  i 
in  his  opinion  it  might  be  advantageously  applied  to  a  grc 
variety  of  purposes,  more  especially  at  railway  stations  and  in  t 
docks.  It  would  be  a  great  convenience  for  raising  and  loweri 
trucks,  and  for  loading  or  discharging  vessels ;  as  the  platfoi 
could  be  quickly  raised  or  lowered  to  any  exact-  level,  and  cotj 
be  stopped  at  any  point  at  pleasure  without  concussion,  and  he 
quite  firm  in  the  position  without  any  danger  of  falling,  as  loi 
as  might  be  required. 

Mr.  Slate  thought  it  was  applicable  to  lifting  railway  wa 
gons;    and  considered  that  a  small  blowing  engine  might 
advantageously  employed  for  the  purpose,  working  at  a  mu 
quicker  rate  than  usual,  even  700  feet  per  minute,  like  the  pisto 
of  locomotive  engines ;  the  leakage  of  the  piston  would  then 
of  much  less  consequence. 

Mr.  CowPER  suggested  that  steam  might  be  available  for  t 
purpose  of  raising  the  lift  where  there  was  not  a  blowing  engii 
at  work ;  for  although  there  would  be  a  loss  of  steam  by  conde 
sation  on  the  surface  of  the  water,  that  loss  would  be  very  smi 
compared  to  the  whole  quantity  of  steam  employed,  as  the  surfa 
of  the  water  would  become  quickly  heated  by  the  steam,  but  t 
heat  would  only  extend  very  slowly  downwards  in  the  water. 

Mr.  Gibbons  remarked,  that  he  considered  there  would  be 
difiQculty  in  applying  steam  from  the  difficulty  of  keeping  t 
joints  steam-tight. 

Mr.  McCoNNELL  referred  to  the  use  of  hydraulic  cran 
which  had  been  introduced  at  some  railway  stations  and  oth 
places ;  and  observed  that  it  appeared  to  involve  the  question 
the  relative  cost  and  advantage  of  air  and  water  as  the  means  f 
communicating  the  power. 

Mr.  Gibbons  observed,  that  the  pistons  necessarily  used 
hydraulic  cranes  were  liable  to  get  out  of  order,  and  were  a  sour 
of  expense  and  trouble^  and  there  was  also  a  considerable  loss 
power  from  friction,  which  was  not  the  case  in  the  pneumatic  li 
He  thought  that  by  the  latter  plan  a  whole  railway  train  mig 
be  raised  a  considerable  height,  without  the  motion  being  felt  1 
the  passengers. 

A  vote  of  thanks  was  passed  to  Mr.  Gibbons  for  his  coi 
munication. 
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chine ;  and  the  fiEicilitj  which  these  means  afforded  for  movii 
I  Engine  in  any  direction  and  at  any  required  velocity,  gave  it 
free  of  docility  and  power  beyond  the  expectations  of  its  mo 
iguine  admirers. 

For  a  considerable  length  of  time  the  hand  gear  was  the  best  ai 
ist  effectiye  mode  of  applying  the  motion  of  the  Steam  Engine  to  tl 
Ives ;  subsequently  the  oscillating  and  revolving  Tappets,  fixed  up 
ihaft  and  driven  by  wheels  or  an  eccentric,  came  into  iise,  and  1 
tans  of  vertical  rods  communicated  motion  to  the  valves,  and  th 
similar  effect  was  produced  as  by  the  hand  gear;  next  came  ^ 
[irdock's  D  Valve  and  eccentric  motion,  which  for  simphcity  h 
ver  yet  been  equalled.  The  D  Valve,  and  the  flat  plate  Valve,  a 
EU"ly  synonymous,  with  this  difference  only,  that  the  D  Valve  press 
bh  less  force  upon  the  face,  and  consequentiy  works  easier  than  t 
t  valve,  which  in  every  case  is  exposed  to  the  full  pressure  of  stea 
is  true  that  means  have  been  adopted  to  obviate  this  objecti* 
large  Engines,  by  a  preparation  on  the  back  of  the  valve,  which 
ide  steam-tight,  and  by  a  communication  with  the  condenser, 
cuum  is  formed  over  a  proportionate  area  of  surfieu:e,  sufficient 
ualize  the  pressure  and  admit  an  easy  motion  of  the  valve. 

The  expansive  principle  upon  which  Steam  Engines  are  n 
>rked,  and  the  economy  which  this  system  has  introduced  in  the  exp( 
ture  of  fuel,  has  effected  considerable  changes  in  the  working  of  t 
dves,  and  has  rendered  the  D  and  plate  Valves  almost  inadmissa 
r  such  a  purpose.  To  the  skill,  ingenuity,  and  careful  attention 
e  Gomish  Engineers,  we  are  indebted  for  many  of  the  improveme 
•nnected  with  the  use  and  application  of  expansive  steam  ;  and  tak 
to  account  the  high  price  of  coals,  and  the  urgent  necessity 
onomy  in  those  districts,  which  combined  with  a  system  of  r^s 
id  encouragement  held  out  by  premiums  as  described  by  Mr.  Jc 
ijloTy  we  may  reasonably  conclude  that  other  parts  of  the  kingd 
kve  been  greatiy  benefitted  by  the  excellent  examples  set  before  tli 
r  the  Cornish  Miners  and  Engineers. 

For  a  great  number  of  years,  and  up  to  a  recent  period, 
conomy  of  Steam  and  the  working  of  the  Steam  Engine  expansive 
dre  but  imperfectiy  understood  in  the  manufacturing  districts;  ( 
though  the  Cornish  miner  set  an  excellent  example  and  exhibite( 
ving  of  more  than  one-half  the  fuel,  there  were  nevertheless  few  if  j 
tempts  made  to  reduce  what  is  now  considered  an  extravagant  exp 
ture  in  most  if  not  the  whole  of  our  manufactories.  But  in  fact 
bject  was  never  brought  fairly  home  to  the  Millowners  and  Ste 
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high  pressure  steam,  and  it  required  more  than  ordinary  care  in  effect 
ing  the  changes  which  have  heen  introduced  :  it  had  to  be  don 
cautiously,  almost  insiduously,  before  it  could  be  introduced.  Th 
author  of  this  paper  believes  he  was  amongst  the  first  in  the  Manufac 
turing  Districts  who  pointed  out  the  advantages  of  high  pressure  steam 
when  worked  expansively,  *  and  for  many  years  he  had  to  contend  witJ 
the  fears  and  the  prejudices  of  the  manufacturers,  before  the  preser 
system  of  economical  working  was  adopted. 

The  first  attempt  was  by  improvement  in  the  construction  c 
Boilers,  t  and  subsequently  in  the  Valves  of  the  Steam  Engine,  adaptei 
to  either  low  or  high  pressure  steam  when  worked  expansively ;  the  latte 
of  which  it  is  the  principal  object  of  the  present  paper  to  develope. 

The  Expansive  action  of  Steam  has  been  variously  estimated  b 
difiTerent  writers,  but  all  seem  to  agree  in  opinion  that  a  considerabl 
saving  is  effected  by  that  process.  It  therefore  becomes  a  question  c 
importance  in  a  community  whose  very  existence  almost  depends  upo 
the  Steam  Engine,  how  to  work  it  advantageously  and  at  the  leas 
possible  cost.  The  great  variety  of  schemes  and  forms  which  hav 
been  adopted  for  the  attainment  of  these  objects  have  been  exceedingl 
various,  ingenious,  and  interesting ;  and  the  investigation  of  the  differen 
theories  and  applications  that  have  been  submitted  for  public  approval 
would  form  an  exceedingly  attractive  if  not  a  useful  history  of  th 
various  discoveries  to  which  we  are  in  a  great  measure  indebted  for  th 
present  improved  construction  of  the  Steam  Engine. 

The  elastic  force  and  expansive  action  of  steam  were  well  know 
to  Mr.  Watt  and  some  of  his  immediate  contemporaries  and  successors 
such  as  Smeaton,  Cartwright,  Woolf,  Trevithick,  and  others ;  but  th 
fears  entertained  of  explosion  at  that  early  period,  and  the  difficulty  c 
constructing  vessels  strong  enough  to  contain  high  pressure  stean 
were  probably  the  greatest  drawbacks  to  its  introduction.  Woolf  an 
Trevithick  were  probably  among  the  first  to  grapple  with  this  dangerou 
element ;  and  the  former  in  order  to  economise  fuel  introduced  th 
Double-Cylinder  Engine,  whereby  a  great  saving  was  effected  by  ir 
creasing  the  pressure  of  steam  in  the  boiler,  and  allowing  it  to  pas 
from  one  cylinder  to  another  of  three  or  four  times  the  capacity,  b 
which  its  volume  was  expanded,  and  by  these  means  a  saving  wa 
effected  and  an  extm  duty  performed.    If,  for  example,  taking  a  Double 

*  See  Paper  read  before  the  Geological  Society  of  Manchester  in  the  year  1840,  on  tl 
Economy  of  Fuel. 

*  See  Report  on  the  Prevention  of  Smoke  and  Economy  of  Fuel. — Trauactioiis  of  tli 
British  Association,  1844. 


Digitized  by  VjOOQ IC 


Digitized  by 


Google 


26 

of  motion  prevented  them  from  producing  the  desired  effect.  T 
Steam  Valves  could  however  be  fixed  so  as  to  cut  off  the  steam  at  t 
required  point  of  the  piston  passage  in  the  cylinder,  but  the  moti 
is  not  effected  with  the  velocity  essential  to  an  efficient  process 
expansive  action.  Other  processes  have  been  tried  for  working  Sta 
Engines  expansively  besides  those  already  noticed  ;  amongst  them  w 
be  noticed  the  equilibrium  Valve,  worked  by  double  cams  finom  1 
Crank  Shaft.  This  method  is  generally  used  and  adapted  to  the  Mari 
and  old  Engines,  but  its  apphcation  is  seldom  of  much  value  unless  1 
Engines  and  Boilers  are  capable  of  bearing  a  pressure  of  15  tbs. 
20  tbs.  on  the  square  inch. 

Another  fault  to  which  this  description  of  Valves  is  subject  is  th( 
distance  from  the  Steam-ports  into  the  Cylinder,  and  the  large  quant 
of  steam  which  occupies  the  space  between  the  cut-off  valve  and  t 
working  cylinder  of  the  Engine.  To  remedy  these  defects,  and 
apply  a  better  system  of  expansion  to  the  common  Condensing  Engin- 
the  following  apparatus  and  mode  of  working  the  valves  was  introduce( 

In  giving  a  description  of  this  effective  and  simple  apparatus,  it 
but  fair  to  state  that  the  first  idea  of  this  invention  was  suggested 
Robert  BrownhiU,  at  first  imperfectly  constructed,  but  since  greai 
modified  and  perfected  by  the  author  of  the  present  paper. 

The  annexed  Drawings  represent  the  cyhnder  and  side  pipes  o 
sixty  horse-power  Condensing  Engine.  Fig.  1  is  a  front  view  of  t 
Steam  Chests  and  Cylinder ;  Fig.  2  a  side  view ;  Fig.  8  is  a  section 
the  side  pipes,  Steam  Chests,  and  Valves ;  and  Fig.  4  an  enlaiiged  s< 
tion  of  the  Valves :  the  letters  referring  to  the  different  parts  are  t 
same  on  all  the  figures.  It  will  be  observed  that  the  Cylinder  A,  t 
Steam  Chests  C  D,  and  the  side  pipes  F  G,  are  conmion  to  eve 
Engine  of  this  description  ;  the  internal  construction  of  the  Stec 
Chests,  Valves,  and  the  mode  of  working,  are  peculiar  and  constiti 
the  chief  merit  of  the  invention. 

In  the  construction  of  a  Steam  Engine,  two  important  conside: 
tions  present  themselves,  the  attainment  of  a  maximum  of  force,  a 
the  minimum  in  the  consumption  of  fuel;  to  acquire  the  first  it 
requisite  to  form  such  an  arrangement  of  the  working  parts,  as  to  obtc 
the  closest  approximation  to  a  perfect  vacuum  under  and  above  t 
Piston,  and  the  other  is  accomplished  by  having  as  small  an  expenditi 
of  steam  as  possible.  These  desiderata  are  to  a  great  degree  attain 
by  the  principle  upon  which  these  Valves  are  constructed,  and  the  w 
in  which  they  are  worked.  Referring  to  Fig.  3  it  will  be  seen  that  ea 
of  the  Steam  Chests  C  D  contains  two  double  beat  Valves  S  T,  al 
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To  obtain  this  range  of  expaitsion  the  Rollers  N  N  which  work  tl 
team  Yalves  are  moveable,  by  brass  strips  which  slide  in  the  grooy< 
1  the  cross  heads  MM,  so  as  to  bring  the  Roller  over  any  one  of  tl 
Jams  that  may  be  required ;  and  the  fixed  Pointers  V  V  show  by 
raduated  scale  on  each  brass  slide,  the  exact  point  of  the  Cylinder  i 
rhich  the  steam  is  cut  off,  and  by  these  means  the  extent  of  expansio 
i  regulated  and  brought  under  the  eye  of  the  Engineer. 

It  has  already  been  stated  that  the  Steam  Valves  are  not  lifted  i 
igh  as  the  Exhaust  Valves,  and  the  reason  of  this  is,  that  as  tl 
xhaust  valves  are  not  variable  in  their  action,  and  always  require  fu 
penings  into  the  Condenser,  it  is  desirable  to  retain  them  open  througl 
ut  the  whole  length  of  the  stroke.  This  process  is  effected  with 
reater  degree  of  certainty  than  by  any  other  description  of  valve  ;  tl 
xhaust  valves  are  raised  suddenly  by  the  short  inclined  planes  of  tl 
ams,  and  having  allowed  time  for  the  escape  of  the  steam  from  tl 
Jylinder  through  a  wide  passage  ioto  the  Condenser,  they  suddenly  fa 
y  gravitation,  and  thus  a  more  complete  vacuum  is  formed  under  tl 
iston  than  is  probably  attained  by  any  other  process. 

The  working  of  these  valves  is  effected  with  a  degree  of  certaini 
nd  simpHcity  which  renders  them  very  satisfactoiy  both  as  regarc 
bieir  efficiency  in  conducing  to  the  economy  of  steam,  and  the  perfe< 
ftse  with  which  they  are  worked. 

The  Chairman  observed,  that  the  principal  part  of  tl 
cnprovement  described  in  the  paper,  appeared  to  consist  in  tl 
rrangement  for  effecting  the  expansion  action  by  cams  revolyii 
iorizontally. 

Mr.  W.  Smith  said,  he  had  seen  several  engines  workii 
rith  this  expansion  gear,  and  could  testify  to  the  superiority 
heir  action,  the  expansion  gear  was  very  simple  and  workc 
xeeedingly  well ;  he  had  taken  indicator  diagrams  from  tl 
ngines.  He  was  not  acquainted  with  any  cases  where  this  plf 
lad  been  at  work  for  a  long  time,  and  he  had  some  doubts  as 
he  lasting  of  the  parts. 

Mr.  McCoNNELL  remarked,  that  was  a  matter  on  which  th( 
ould  scarcely  express  an  opinion  unless  furnished  with  accura 
lata  respecting  the  working.  The  Cornish  engine  reports  we 
ery  complete  as  to  the  performance  of  the  engines  and  the  co 
inmption  of  fuel ;  and  if  they  had  such  information  with  referen 
o  the  working  of  the  invention  in  question,  it  would  be  high 
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be  confined  to  Cornwall,  for  it  would  be  highly  important  t< 
have  them  for  the  yarious  other  districts,  more  especially  Stafford 
shire,  Lancashire,  and  Newcastle. 

Mr.  Gibbons  remarked,  that  this  would  be  extremely  diffi 
cult  to  obtain  in  Staffordshire,  because  the  quality  of  ftiel  varied  t 
an  extraordinary  extent  In  that  district  they  had  a  considerabL 
boiler  surface,  and  in  many  cases  used  only  coal-slack  for  fiie] 
which  was  good  for  nothing  else ;  but  in  Cornwall  the  quality  g 
fuel  was  tolerably  uniform,  and  the  best  quaUties  of  coals  wer 
used. 

Mr.  Slate  proposed  to  omit  the  consideration  of  the  con 
sumption  of  Aiel,  as  the  fuel  was  not  bought  in  the  coal  districts 
but  merely  taken  from  the  heap  as  required,  and  it  would  not  b 
practicable  in  most  cases  to  obtain  any  accurate  return  of  th 
consumption. 

Mr.  W.  Smith  said,  the  question  of  fuel  could  not  be  in 
eluded  in  the  iron  districts  because  it  was  customary  in  man 
cases  to  generate  the  steam  by  the  waste  heat  of  the  puddlin 
furnaces^  and  in  consequence  those  cases  would  shew  no  consumj 
tion  of  fuel;  but  on  the  contrary,  in  other  cases  the  consumptio 
was  greatly  above  the  usual  proportion,  either  from  the  inferic 
quaUty  of  fiiel  used,  or  from  the  engines  being  often  worke 
much  below  their  boiler  power,  and  wasting  from  the  boilers  eve 
more  steam  than  was  used. 

The  Chairman  observed^  that  it  took  a  great  deal  at  first  i 
induce  the  proprietor  of  a  steam  engine  to  look  well  after  it 
working,  but  in  Manchester  considerable  attention  was  now  pai 
to  the  subject.  There  were  many  works  where  the  consumptio 
was  as  low  as  4  tbs.  per  horse  power  per  hour,  but  he  should  sa 
that  the  average  of  Lancashire  engines  was  twice  that  amount  < 
consumption  if  not  more. 

Mr.  McCoNNELL  thought  that  was  a  strong  argument  fc 
taking  up  the  question  in  the  broad  view ;  for  without  considerin 
any  particular  district,  it  was  very  important  for  a  manufacturt 
or  other  proprietor  of  a  steam  engine  to  know  what  his  engii 
was  doing  as  compared  with  the  engines  of  other  parties.  Thos 
engines  in  the  same  town  or  district  could  be  fairly  compared,  an 
any  particular  causes  for  exception  could  be  stated  in  the  return 
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is  situated  84^  fathoms  above  the  '*  Bensham  Seam  ;*'  this  was  firs 
opened  out  in  1781,  and  it  was  abandoned  in  1831 ;  during  that  perio 
five  explosions  occurred  in  working  the  seam,  causing  the  loss  of  2 
lives. 

There  are  five  Shafts  sunk  to  the  Bensham  Seam,  as  shewn  on  th 
accompanying  Plans,  Nos.  1  and  2,  which  are  drawn  to  the  scale  of 
chains  per  inch ;  No.  1  is  a  Plan  of  the  Workings,  and  No.  2  a  Plan  c 
the  Ventilation,  shewing  the  several  currents  of  air  that  are  passe< 
through  the  mine.  The  shaded  portions  of  the  workings  shows  wher 
the  coal  is  entirely  removed.  In  the  two  Shafts  C  and  D  the  ai 
descends  into  the  mine,  and  after  circulating  through  the  workings  h 
the  manner  hereafter  described,  it  ascends  in  the  Shafts  A,  B,  and  I 
A  furnace  is  constantly  burning  at  the  bottom  of  each  of  these  thre 
ascending  shafts,  to  produce  the  draft  of  air  and  keep  up  an  iminterrupte 
ventilation  ;  these  furnaces  are  8  feet  wide  and  6  feet  long,  and  each  c 
them  consumes  about  1^  tons  of  coals  per  day.  The  descending  Shaft 
C  and  D  vaiy  from  7  J  feet  to  10  feet  in  diameter,  and  the  ascendin, 
Shafts  A,  B,  and  F,  fix)m  5  J  feet  to  8  feet  in  diameter. 

The  Workings  of  this  mine  are  divided  into  nine  Districts,  nun 
bered  from  1  to  9  on  the  Plan,  which  have  in  most  cases  distinct  current 
of  air  for  their  ventilation,  and  are  in  some  degree  unconnected  wit 
each  other ;  a  system  which  was  carried  out  to  a  great  extent  in  thi 
CoUiery  by  the  late  Mr.  John  Buddie.  The  five  Districts,  Nos.  1,  2,  ^ 
4,  and  5,  which  are  supplied  with  air  from  the  Shaft  C,  are  all  colours 
Bed  on  the  Plans ;  and  the  three  Districts,  Nos.  6,  7,  and  8,  supplie 
with  air  firom  the  Shaft  D,  are  coloured  Blue.  The  general  course  c 
the  air  currents  is  shown  in  the  Plan  of  the  Ventilation,  No.  2,  by  Re 
lines  for  the  C  shaft  ventilation,  and  Blue  lines  for  the  D  shaft  ventih 
tion  ;  and  the  detailed  com^e  of  the  air  through  the  workings  is  shewi 
by  the  arrows  in  the  Plan  of  the  Workings,  No.  1. 

The  following  are  the  particulars  of  the  quantity  of  air  that  is  circi 
lated  through  each  of  the  Districts.  The  currents  were  measured  wit 
Biram's  Patent  Anemometer ;  and  on  the  day  of  measuring  the  quantit 
of  air  passing  in  each  of  these  currents,  the  Barometer  at  the  surfac 
stood  at  29.35  inches,  and  the  Thermometer  at  53  degrees ;  the  win 
South-East,  morning  dull  with  the  appearance  of  rain. 

In  the  following  description  the  "  Pillar  Workings  "  are  where  th 
whole  of  the  remaining  part  of  the  seam  of  coal  is  in  course  of  bein 
extracted.  The  "  Air  Crossings,"  where  one  current  of  air  crossc 
another  current,  consist  of  a  brick  arch  or  a  timber  erection,  by  means  < 
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Cabic 
per  mil 

1st  and  2nd  Districts  22,< 

8rd     ditto   10,1 

4th     ditto    15; 

6th    ditto 20,J 

Pipe-drift  to  the  B  Shaft 7,i 

76,1 

The  quantity  ascending  the  F  Shaft  heing  as  follows  : — 

1st,  2nd,  and  3rd  Districts 22,1 

5th    ditto    7,i 

The  quantity  passing  over  the  fire  being 29,1 

Add  the  quantity  passing  into  the  Shaft  without  going 

over  the  furnace  : — 
4th  District  entering  the  Shaft  by  the  inclined  drift 

mentioned  before 15,' 

5th  District  entering  at  the  bottom  of  the  Shaft    13,( 


Total  quantity  ascending  the  F  Shaft 58,( 

The  column  of  air  descending  the  D  Shaft  consists  of  45,400  ci 
feet  per  minute,  and  is  diverted  into  the  following  Districts,  ascend 
at  the  A  and  B  upcast  Shafts. 

Cubic 
per  mb 

The  quantity  of,  air  passing  into  the  6th  District,  venti- 
lating the  workings  on  both  sides,  and  carried  to  the     ^ 
B  upcast  Shaft 17,^ 

The  quantity  of  air  carried  into  the  7th  District  and 
Pillar-workings  P,  and  passing  by  an  inclined  drift 
into  the  A  upcast  Shaft,  evading  the  furnace 16,1 

The  quantity  passing  through  the  workings  of  the  8th 
District,  and  mixing  with  the  various  discharges  of 
Gas  from  the  old  workings  T  T,  in  its  coiurse  to  the 
A  Shaft ;  being  also  joined  by  the  current  from  the 
7th  District  before  arriving  there    11,! 

Total  quantity  descending  the  D  Shaft   45,* 

Ditto  descending  the  C  Shaft    75,1 

Making  a   total    quantity  of  air  descending    into    the 

Bensham  Seam  of   121,^ 
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juantity  of  gas  might  be  increased  to  a  gr^at  extent  by  barring  off  ai 
piping  the  gas  from  othfer  fwirts  of  the  tiiine  ;  and  the  subject  of  ben 
^cially  employing  the  gaS  is  at  f)r^^nt  imder  cotisideration. 

The  following  is  the  analysis  of  the  gas  issuing  fix)m  the  gas-pi 
in  the  C  shaft,  and  the  ga3  evolved  from  the  Workings  of  the  Beusha 
Searfi ;  vide  the  Reports  of  Sir  H.  T.  De  la  Beche  and  Dr.  Playfeir. 

Pipe.  Workings. 

Carburretted-hydrogen 9'2  .  8     75  .  9 

Nitrogen    6.9     24 .  fl 

Carbonic  Acid   0.3     1.2 


100  .0  100  .  0 

Since  the  present  proprietors  commenced  working  this  mine 
1847,  they  have  instituted  the  general  use  of  the  BaN-y-lamp,  to  provi 
not  only  against  the  ordinary  risks  of  the  working  of  a  **  fier}^  mini 
but  also  the  risk  from  sudden  emptions  or  discharges  of  gas,  now  \s 
known  to  have  caused  so  many  of  the  great  explosions  that  have  i 
happily  occurred  in  this  Coal  District. 

Appended  is  a  copy  of  the  rules  and  regulations,  which  are  stric 
enforced,  respecting  the  use  of  the  safety-lamp,  and  the  precautious 
prevent  the  risk  of  explosion  in  the  working  of  tliis  Colliery. 

Rules  and  Beyvlations  to  be  observed  by  the  Officers  and  WorJc?? 
of  the  Wallsend  Colliery. 

Any  person  observing  any  door  standing  open  that  ought  to  be  sh 
any  stoppings  injured,  brattice  knocked  down  or  broken,  or  any  ot] 
ciiicumstance  whereby  the  ventilation  of  the  Mine  may  be  deranged 
obstructed,  is  immediately  to  inform  the  Overman  or  Deputy  or  ot] 
person  then  in  charge  of  the  Pit. 

No  Hewer  to  commence  working  in  iany  place  until  it  has  first  Ik 
examined  by  the  Overman  or  Deputy  or  other  authorized  person. 

No  Workman  to  work  in  any  place  where  he  considers  the  timl 
&c.,  insufficient  to  support  the  roof  of  the  Mine,  or  any  other  cause  tl 
may  1-ender  the  place  unsafe,  until  the  Deputy  or  other  person  has  im 
it  igecure. 

The  Overman,  Deputies,  or  other  Inspector*  appointed  f>r  that  p 
^6se,  diall  carefully  examine  and  lock  every  Lamp  previous  to  its  bei 
taken  from  the  "Cabin"  or  "  Station,"  and  any  person  having  an  i 
perfect  or  broken  Lamp  is  not  to  be  allowed  to  pass  to  his  employ ni< 
until  he  shall  have  given  a  satisfactory-  reason  for  any  such  damage ;   h 
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ing  a  town.  The  plan  suggested  to  obviate  this  defect  was  b 
charging  it  with  coal-tar  naptha,  for  the  gas  generated  in  the  mio 
was  the  sub-carburretted  hydrogen,  and  was  deficient  in  the  el( 
ment  of  carbon ;  hence  though  it  burnt  very  freely  it  yielded  k 
little  light.  If  however,  it  could  be  collected  in  sufficient  quantil 
and  with  due  regularity,  it  might  easily  be  rendered  available  ft 
street  illumination  by  putting  a  small  sponge-box  on  the  bume 
and  by  the  gas  passing  through  a  sponge  saturated  with  naptha 
would  acquire  considerable  brilliancy.  There  was  at  the  prese: 
time  a  similar  discharge  of  gas  in  the  neighbourhood  of  Was 
Bromwich,  but  in  that  case  also  there  was  a  deficiency  of  illun] 
nating  power. 

Mr.  Gibbons  expressed  a  doubt  whether  the  plan  of  workii 
the  mine  as  detailed  in  the  paper  was  not  inferior  in  economy  ai 
efficiency  to  the  mode  adopted  in  Staffordshire ;  and  he  thoug 
if  the  number  of  shafts  were  increased  the  facilities  for  ventilati( 
would  be  much  greater.  He  stated  that  his  coal  mine  was  ve 
tilated  easily  by  a  stream  of  air  along  the  face  of  the  working 
with  several  outlets  at  the  top  for  the  gas  to  escape;  a  gre 
portion  of  the  gas  was  carried  in  a  stream  at  the  top  witho 
mixing  with  the  air,  on  account  of  its  lightness,  and  a  mu 
less  quantity  of  air  was  required  in  proportion  in  consequen 
of  the  gas  being  so  much  less  diluted  with  air.  In  that  cas 
however,  the  seam  of  coal  was  very  much  thicker;  the  toi 
thickness  of  the  seam  was  24  feet,  and  it  was  worked  in  t^ 
heights  of  12  feet  each. 

Mr.  Slate  remarked,  that  the  collieries  in  the  North  wc 
of  much  greater  extent  than  those  in  Staffordshire,  which  we 
usually  not  more  than  about  20  acres  in  extent ;  the  former  w€ 
also  generally  of  greater  depth,  aud  sinking  the  shafts  was  ve 
expensive  and  difficult  on  account  of  the  depth  and  the  hardne 
of  the  strata. 

Mr.  Clift  observed,  that  the  excellent  plan  of  ventilati 
which  had  lately  been  introduced,  of  using  jets  of  higb-pressi 
steam  to  propel  the  air  through  the  workings,  was  found  to 
very  successful.  He  had  employed  steam  jets  for  the  purpose 
emptying  gas-holders,  and  he  was  astonished  at  the  short  time 
which  the  gas  could  be  expelled  from  a  large  gas-holder  by  tl 
means. 
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J.  E.  McConnell,  Esq.,  Wolverton, 
John  Penn,  Esq.,  London, 
J.  Scott  Bussell,  Esq.,  London, 
Archibald  Sinclair,  Esq.,  Glasgow, 
William  Weallens,  Esq.,  Newcastle-on-Tyne, 
Joseph  Whitworth,  Esq.,  Manchester. 

Tbeasureb, 
Charles  Geach,  Esq.,  Birmingham. 

Secretary. 
W.  P.  Marshall,  Esq.,  Birmingham. 

No  other  names  having  been  added  by  the  Meeting,  the  li 
was  adopted. 

The  Chairman  then  called  on  Mr.  Samuel  of  London, 
read  his  paper, 

ON  THE  ECONOMY  OF  RAILWAY  TRANSIT. 

The  object  of  the  present  paper  is  to  show  that  the  Locomotii 
now  in  use  on  most  of  the  railways  have  outgrown  the  wants  of  t 
Passenger  Traffic,  and  that  the  weight  on  the  driving  wheels  of  the 
locomotives,  amounting  in  some  cases  to  14  tons,  is  perfectly  unnecessc 
for  the  number  of  passengers  conveyed  in  99  cases  out  of  100. 

For  the  purpose  of  obtaining  practical  data  upon  this  subject,  t 
writer  of  the  present  paper  procured  a  return  of  the  number  of  Pas8< 
gers  conveyed  on  the  Eastern  Counties  and  Norfolk  Railways,  be 
Main  Line  and  Bremches,  by  each  train  during  the  week  ending  *; 
May,  1849 ;  this  return  showing  the  greatest  number  of  passengers 
each  train  at  any  one  time. 

It  appears  from  this  return  that  the  greatest  number  of  passeng* 
in  any  Main  line  train  at  any  one  time  was  231,  and  the  least  nnml 
7  ;  the  greatest  number  in  any  of  the  Bmnch  line  trains  being  83,  a 
the  least  number  S, 

And  by  another  return  from  the  books  of  the  Company  it  appe 
that  there  were  conveyed  on  the  Eastern  Counties  Branch  Lines  duri 
the  year  1847,  42,644  tons  of  Passengers  (calculating  each  passenj 
with  his  luggage  at  168  lbs.),  and  that  the  weight  of  Engines  e 
Carnages  required  to  convey  them  was  about  1,112,500  tons,  being 
the  proportion  of  26  to  1. 

On  examining  the  Coke  Returns  it  also  appears  that  the  M 
line  engines  consumed  from  24^  to  40^  lbs.  per  mile,  and  the  engi 
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aince,  and  the  folloH^g  rotam  shows  the  miles  ran  and  coke  consumer 
by  this  Engine  during  the  7^  months  regular  working  from  Januar 
29th  to  September  9th,  1849. 

14,021  total  miles  run. 


705  hours,  running  time. 
1,457  ditto,  standing  time. 


2,162  total  hours,  in  steam. 


743  cwt.  coke  consumed  in  running. 
408  cwt.  ditto  standing. 

286  cwt.  ditto  getting  up  steam. 


1,437  cwt.  total  coke  consumed. 


11*48  lbs.  per  mile  average  consumption  of  coke. 


The  **  Enfield  "  is  in  steam  16  hours  per  day,  the  fire  being  lighten 
about  six  in  the  morning  and  drawn  at  ten  o*clock  at  night.  But  o 
these  15  hours  it  appears  by  the  return  that  she  is  engaged  runnin] 
only  5  hours,  the  remaining  10  being  employed  standing  in  the  siding 
It  was  found  by  experiment  that  the  quantity  of  coke  consumed  standiDj 
was  32  lbs.  per  hour,  and  after  deducting  this  and  the  quantity  con 
sumed  getting  up  steam,  it  will  appear  that  the  actual  consumption  o 
coke  running  is  under  6  lbs.  per  mile. 

It  must  also  be  particularly  borne  in  mmd  that  this  consumption  o 
coke  includes  the  total  Croods  and  Goal  Traffic  on  the  Branch,  amount 
ing  to  1410  tons  ;  viz.,  169  tons  of  goods  and  1241  tons  of  coal. 

The  "Enfield"  Steam  Carriage  worked  the  10  a.m.  Passenge] 
train  from  London  to  Ely  on  14th  June,  a  distance  of  72  miles,  takinf 
behind  her  three  of  the  ordinary  carriages  and  two  horse-boxes;  sh< 
arrived  at  Ely  8  minutes  before  time,  and  the  total  consumption  of  fuel 
including  the  getting  up  steam,  was  found  to  be  8|  lbs.  per  mile.  Th( 
tubes  of  the  boiler  are  only  5  feet  3  inches  in  length,  and  the  economy 
of  fuel  is  consequently  scarcely  at  the  maximum. 

Another  Engine  on  a  similar  plan  to  couple  with  a  40  feet  carriage 
is  now  nearly  ready,  the  tubes  being  6  feet  6  inches  long,  from  which  'a 
expected  even  more  economical  results. 

The  result  of  the  writer  s  experience  is  the  conviction,  that  foi 
Express  purposes,  and  for  the  laiger  portion  of  the  Branch  Traffic  or 
railways,  the  light  Steam  Carriage  is  the  best  adapted  and  most  econo 
mical  machine,  both  as  to  first  cost  compared  to  the  work  done,  and 
in  working  expenses. 
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The  first  cost  of  a  large  Engine,  Tender,  and  four  Carriages  h 
been  £4000.  The  Steam  Carriage  for  the  same  number  can  be  nuu 
for  something  less  than  one-half  the  cost 

The  value  of  the  Railroad  in  lessening  draught  consists  in  i 
perfect  horizontal  level,  and  not  merely  its  general  level,  but  its  clo 
approximation  to  the  character  of  a  lathe-bed — a  hard,  inflexible,  smoot 
true,  and  equable  surface. 

With  heavy  Engines  having  5  tons  weight  or  more  on  each  drivii 
wheel,  it  is  impracticable  to  maintain  any  road  that  it  is  possible 
construct  in  this  condition ;  for  supposing  the  timbering  to  be  of  sui 
cient  surface,  and  the  rails  to  be  perfectly  inflexible  girders  with  th< 
joints  unyielding,  the  very  iron  itself  will  abrade  beneath  the  tread 
80  heavily  loaded  a  driving  wheel,  which  whether  of  8  feet  or  of  30  fe 
diameter,  can  only  rest  upon  a  mere  point 

It  is  a  matter  of  doubt  whether  more  than  3  tons  can  be  placed  < 
a  wheel  at  great  speeds  without  destroying  the  metal. 

But  there  is  yet  another  question  to  consider.  In  order  to  start 
train  into  motion  a  great  amount  of  power  is  necessary,  many  tim 
greater  than  t^t  which  is  requisite  to  keep  up  motion. 

This  surplus  power  remains  in  the  train  under  the  name 
momentum ;  and  it  must  be  obvious  that  the  greater  the  total  weig 
of  the  train  the  greater  must  be  the  momentum.  If  the  road  be  in  b 
condition  with  loose  joints,  the  momentum  essential  to  the  maintaini 
of  motion  is  consequently  absorbed  by  these  concussions.  In  short,  i 
joints  are  a  series  of  holes,  and  many  of  our  railways,  relatively  to  I 
heavy  engines  traversing  them,  are  practically  worse  roads  than  a  wi 
made  macadamised  road  is  to  a  stage  coach. 

If  thus  the  weights  be  reduced  below  the  point  i^ch  cam 
destruction,  it  is  probable  that  the  heavy  item  called  **  Maintenance 
Way,"  and  the  still  heavier  item  of  replacement  of  rails,  chairs,  a 
sleepers  will  nearly  disappear. 

Mr.  Samuel  ftirther  explained  the  diagrams  illustrating  1 
paper,  and  remarked  that  the  Fairfield  Steam-carriage  on  1 
Bristol  and  Exeter  Railway,  had  hitherto  been  worked  with 
upright  tubular  boiler,  which  had  not  proved  satisfactory,  and  i 
regular  working  of  the  engine  had  been  prevented  by  the  diffica 
in  keeping  the  tubes  tight ;  but  a  horizontal  boiler  had  been  si 
stituted,  and  the  engine  was  just  starting  to  work  with  it. 

The  Chairman  remarked,  that  the  subject  was  one  of  gn 
importance,  and  he  hoped  it  would  give  rise  to  an  interesting  d 
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uich  line  firam  the  main  line  to  Tewkesbury,  and  for  this  pi 
se  he  adapted  one  of  the  small  American  engines  by  combini 
3  engine  and  tender  on  one  frame,  and  by  patting  a  tank  on  t 
^  of  the  boiler.  But  the  gradients  were  very  abrupt  comi 
t  from  Tewkesbury,  and  when  they  worked  the  goods  and  p( 
iger  traffic  together  they  were  frequently  obliged  to  increase  t 
mber  of  carriages,  and  in  some  cases  the  power  was  insufficiei 
le  engine  had  10^  inch  cylinders,  with  4  feet  driving  whee 
d  20  inch  stoke ;  the  consumption  of  coke  was  from  15  to 
I.  per  mile ;  and  the  gradients  varied  from  1  in  800  to  1  in  ( 
le  pressure,  however,  on  the  American  engines  was  very  fel 
)U8,  for  the  spring  balance  only  indicated  about  one-third  of  t 
bual  pressure  on  the  boiler,  which  was  really  about  100  lbs.  ] 

3h. 

Mr.  Adams  of  Birmingham  remarked,  that  the  Enfield  engi 
fl  all  on  one  frame  with  the  carriage ;  but  a  different  arran^ 
mt  was  adopted  in  the  Cork  and  Bandon  engine,  in  which  t 
gine  and  carriage  were  on  separate  frames ;  and  he  enquired  i 
ison  for  adopting  the  former  plan  in  the  Enfield. 

Mr.  Samuel  explained,  that  as  the  length  of  coupling  of  1 
gine  wheels  in  the  Enfield  was  only  5  feet  4  inches,  with  an  8  io 
linder,  it  was  necessary  to  attach  the  carriage  and  engine  on  o 
me,  otherwise  it  would  be  too  short  to  run  steadily ;  the  effi 
Qduced  by  the  carriage  was  like  the  stick  of  a  rocket  in  steadyi 
3  motion.  But  in  the  Cork  and  Bandon  engine  with  a  9  in 
linder,  the  length  of  coupling  of  the  wheels  was  10  feet,  a 
carriage  was  required  to  produce  steadiness,  as  the  rectanf 
the  rails  was  so  much  longer.  In  the  case  of  large  engin 
lere  the  distance  between  the  axles  had  been  increased  to  16  fe 
jireater  steadiness  was  observable. 

There  was  accommodation  in  the  carriage  for  15  first  cli 
d  116  other  passengers,  giving  a  total  accommodation  for  1 
ssengers ;  and  this  he  considered  the  most  serviceable  for  woi 
?  the  express  traffic.  One  of  these  Steam^carriages  was  bei 
spared  for  working  on  a  railway  in  Scotland,  at  a  oontemplat 
eed  of  40  miles  an  hour.  At  the  present  time  it  was  impossil 
keep  the  road  in  good  repair,  especially  on  the  old  lines, 
^sequence  of  the  enormous  weight  of  the  engines. 
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>r  bringisg  the  subject  before  them ;  and  he  only  wished  thi 
lore  of  their  railway  friends  had  attended  the  meeting,  for  it  wf 
paper  which  well  merited  their  deep  consideration  in  the  presei 
^pressed  state  of  railway  interests.  The  question  of  economy  i 
le  heavy  current  expenses  of  railways  had  for  some  time  oocupie 
is  attention ;  and  although  he  did  not  go  to  the  full  extent  wit 
le  proposer  of  this  new  system,  he  nevertheless  went  to  a  consi 
arable  extent  with  liim,  and  admitted  that  there  were  oases  < 
issenger  traffic,  and  branch  traffic,  and  sometimes  even  shoi 
»cal  lines,  such  as  that  from  London  to  Greenwich,  London  t 
lackwall,  or  London  to  Broxboume,  where  the  number  of  sho] 
issengers  was  great,  and  the  number  left  in  long  trains  wc 
)ry  small,  thus  causing  the  train  after  a  certain  portion  of  th 
umey  to  work  very  disadvantageously.  He  had  no  doubt  thf 
>mpames  would  have  to  classify  these  trains  to  a  much  greate 
ctent  than  had  hitherto  been  done,  and  in  that  case  the  presei 
ian  might  be  tried  with  advantage ;  but  he  could  not  go  wit 
[r.  Samuel  in  saying  that  an  engine  so  light  as  he  had  describe 
Eis  applicable  to  express  travelling. 

Even  the  principle  of  attaching  a  carriage  to  the  engine  fc 
le  purpose  of  giving  adhesion,  appeared  to  him  a  very  doubtfi 
:pedient,  because  small  engines  were  much  heavier  in  proportio 

their  power  than  large  ones.    He  considered  that  Mr.  Samuel 
rangement  in  the  case  of  the  Cork  and  Bandon  engine  was 
)od  one,  but  attaching  a  carriage  to  an  engine  was  very  objectioz 
>le ;  it  was  like  riveting  harness  to  a  horse,  and  could  not  b 
)sirable  under  any  circumstances  whatever.     Mr.  Samuel  did  s 

increase  the  weight  on  his  driving  wheels,  and  consequentl 
>tain  more  adhesion ;  but  he  forgot  that  he  had  already  moi 
eight  on  the  driving  wheels  than  was  adequate  to  drag  the  cai 
age  along.  This  was  adding  more  than  enough,  because  a 
igine  that  weighs  only  5  tons  is  not  so  capable  of  slipping  upo 
le  rail  as  an  engine  that  weighs  80  tons,  and  therefore  attachin 
carriage  upon  the  frame  of  a  small  engine  was  superfluous,  an 
le  inconvenience  arising  from  having  them  riveted  together  woul 

some  cases  be  exceedingly  great,  more  especially  in  working 
ation. 

Cases  however  might  presently  arise  which  would  be  favoiu 
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was  (it  is  to  be  presumed)  materially  influenced,  by  the  amount  of  exp 
rience  derived  from  the  yehicles  which  had  previously  been  in  use  f< 
the  conveyance  of  traffic. 

As  the  new  system  became  extended  and  improved  in  all  its  anan^ 
mentB,  and  the  faciLities  which  it  possessed  for  conveying  greater  loa 
at  higher  speeds  were  gradually  developed,  the  Working  stock  was  nec< 
sarily  changed  from  time  to  time  in  conformity  with  the  greater  demam 
for  convenience  and  stability.  Improvements  in  almost  eveiy  poi 
have  been  carried  out  until  we  have  now  in  operation  the  railway  stoc 
generally  speaking,  in  an  excellent  condition  for  the  purpose  to  whi( 
it  is  applied. 

It  is  remarkable  that,  notwithstanding  the  importance  of  prqportu 
and  quality  as  first  elements  in  considering  the  strength  of  the  materifl 
of  which  railway  moving  stock  is  composed,  no  rule,  generally  applicab 
for  even  the  main  features  of  this  great  system  of  machineiy,  has  be< 
established. 

Without  attempting  to  embrace  the  whole  subject,  although  one 
great  importance  to  proprietors  of  railways  and  the  public  generally, 
conceive  it  is  proper  in  this  place  to  express  my  strong  conviction  th 
the  general  question  of  the  strength  and  quality  of  those  materials  just 
proportioned  to  the  strains  to  which  they  are  subject,  and  bearing  ref 
rence  to  accidents  from  collision,  faults  of  road,  deterioration  from 
variety  of  causes,  ^.,  must  eventually  be  treated  vnth  great  attentic 
and  consideration ;  and  in  order  to  insure  safety  to  life  and  property  f 
all  who  use  railways,  as  well  as  the  greatest  possible  economy  for  tl 
profit  of  those  who  have  embarked  their  capital  in  their  construction, 
believe  it  will  be  found  essential  to  have  some  regulations  founded  up< 
the  joint  experience  of  those  parties  who  have  been  practically  engage 
in  managing  and  working  the  different  departments  of  railways. 

It  is  well  known  that  shortrsighted  economy  has  been  practised 
many  instances  in  giving  directions  for  the  purchase  and  repair  of  ra 
¥ray  stock,  and  it  is  only  dear-bought  experience  which  can  effectual 
convince  those  parties  who,  to  make  a  little  saving  by  purchasing 
cheap  ill-constructed  machine,  gain  a  great  and  constant  loss  whilst  it 
in  use. 

The  advantages  of  a  general  and  constant  interchange  of  opini< 
among  those  parties  to  whose  judgment  and  management  the  workii 
expenses  of  the  different  railways  are  entrusted  is  most  important ;  ai 
if  such  varied  experience  could  be  collected  regularly  and  systematical 
into  one  focus,  where  it  might  be  digested  and  prepared  for  practical  us 
the  effect  tor  good  to  the  general  system  of  railways  would  be  very  gree 
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1.1  Sd  inch  diameter,  is  not  capable  of  sustaining  a  heavier  load  when 
a  state  of  rest  than  2^  tons,  or  5600  lbs. ;  and  allowing  in  practice  ti 
the  waggon  or  caniage  axle  is  made  ten  times  the  breaking  strength,  1 
diameter  of  the  journal  would  be,  adopting  the  same  calculation,  2, 
inches.  In  these  calculations  the  strength  alone  is  considered,  but 
have  also  to  take  into  account  the  question  of  Motion  and  likewise  i 
tendency  to  abrasion. 

With  our  present  means  of  information  no  accurate  data  are  av; 
able  for  determining  the  best  proportion  of  journal  or  hearing  accord: 
to  the  weight  it  has  to  bear,  or  the  velocity  at  which  it  is  required 
move.  A  great  variety  of  proportion  is  in  use,  but  it  is  fail  to  note  ti 
in  engine-axles  particularly,  the  length  of  bearings  depends  to  a  cert 
extent  upon  the  construction  and  arrangement  of  the  engine;  a: 
general  rule  the  length  of  the  bearing  is  not  in  due  proportion,  acco 
ing  to  our  general  experience,  to  the  diameter. 

It  has  always  been  considered  that  having  first  ascertained,  fjn 
example  and  experience,  the  strength  of  sectional  area  necessary  un< 
under  every  circumstance  to  sustain  the  load  which  the  journal  has 
cany,  the  length  of  it  was  determined  by  the  velocity  or  amount 
fhction  to  which  it  is  liable.  Judging  from  axles  at  present  in  use 
carriages  and  waggons,  the  length  of  bearing  is  twice  the  diameter 
the  journal;  but  on  this,  as  well  as  other  points  on  strength 
material,  there  exists  a  great  variety  of  opinion.  Even  the  forms 
journals  are  found  to  differ  very  much.  Without  attempting  to  deci 
on  the  merits  of  any  of  them,  I  shall  in  the  present  instance  cont< 
myself  with  stating,  that  all  my  experience  has  proved  the  desirablen< 
of  maintaining  the  rubbing  or  wearing  sur&ces  of  bearings  as  free 
possible  from  sharp  abrupt  comers,  and  sudden  alterations  in  diamei 
or  sectional  strength. 

Having  thus  treated  the  journals  as  regards  the  load  and  the  h 
tion  upon  them,  I  now  proceed  to  estimate  the  various  strains  to  whi 
the  axle  is  exposed  whilst  in  motion. 

The  first  strain  to  which  the  axle  is  subject  is  that  arising  firom  t 
weight  of  the  waggon  and  load,  which  being  received  or  resting  on  t 
journal  produces  the  greatest  effect  upon  the  axle  at  the  outer  face 
the  wheel-boss,  and  to  which  is  to  be  added  the  momentum  of  the  lo 
in  falling  through  the  spaces  caused  by  inequalities  in  the  joints  of  t 
rails. 

The  injurious  consequences  upon  the  axle  of  inequalities  of  t 
road  suifiAce,  and  flat  places  on  the  surface  of  the  wheel-tyre,  by  t 
jolting  or  perpendicular  motion  which  they  produce,  cannot  be  accurate 
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or  carriages  should  be  jointed  together  similar  to  the  vertebriB  of 
animal,  bj  which  means  aqy  sudden  lateral  action  would  be  neutzal 
b J  the  support  derived  from  the  nei^bouring  vdiicles. 

The  road  to  be  kept  as  accurate  as  possible  to  guage  and  line. 
.  The  third  class  of  stxains  to  which  axles  are  liable  aie  the  sh( 
produced  by  starting  and  stop{)ing  a  train,  and  which  are  in  proper 
to  the  momentum  of  the  wheel  and  axle  at  the  time  of  collision  w 
stopping,  and  to  the  Yolocify  of  the  impellmg  force  and  the  inerti 
the  wheel  and  axle  when  starting ;  these  strains  are  felt  prLpopall} 
the  neck  of  the  journal. 

Fourth  strain — ibe  torsion  or  twisting  caused  bj  the  wh 
travelling  over  curves  of  the  line;  the  difference  in  length  of  i 
face  of  the  inner  and  outer  rail  compels  one  wheel  to  grind  or  s 
upon  the  rail,  while  the  other  is  free  to  roll.  This  strain  is  ] 
portionate  to  the  load  on  the  wheel,  determining  the  amount  of  frici 
upon  the  rails  and  the  length  of  axle  between  the  wheels;  a  sli 
amount  of  torsion  is  also  caused  by  any  variation  in  the  diam< 
of  the  wheels  on  the  same  axle,  by  any  inequality  upon  each  jour 
the  quality  of  the  brasses,  or  the  amount  of  lubrication  proportional 
and  the  strain  of  the  break  block  on  one  side,  because  when  any  of  tl 
occur  separately  or  jointly,  one-half  of  the  extra  stiain  on  one  jom 
is  transmitted  through  the  axle  to  the  other,  and  twisting  or  weakei: 
the  axle  is  necessarily  produced.  To  lessen  the  amount  of  the  al 
strain,  it  is  obvious  that  the  wheels  should  be  kept  in  the  best  poss 
state  of  repair  so  fisur  as  equal  diameters  and  true  circular  surfaces 
concerned,  the  waggons  or  carriages  should  be  loaded  equally  on  e 
sdde,  the  journals  carefully  lubricated,  and  all  break  blocks  adjusted 
bear  the  same  pressure  on  both  wheels  of  the  same  axle. 

Fifth  strain — ^the  constant  vibration  of  the  whole  axle.  Thi 
more  particularly  the  case  and  is  accelerated  when  the  axle  is  fixed  i 
rigid,  unyielding  wheel.  My  experience  has  proved  that  the  axles  fi 
in  cast-iron  wheels  are  very  much  more  liable  to  deterioration  than  tl 
in  wrougfat-iron  wheels,  and  the  jar.  or  vibration  tending  to  deterioi 
the  quality  of  the  iron,  by  altering  its  texture  from  fibrous  to  crystall 
is  clearly  visible  in  its  effects  in  several  fractures  which  I  have  seen, 
would  appear  that  the  cast-iron  wheel  acted  more  Hke  a  hammer  on 
axle,  and  as  in  the  cold-swaging  process,  a  gradual  breaking  up  of 
fibre  at  the  back  of  the  wheel  goes  on,  which  is  shown  by  an  anm 
space,  varying  from  |  inch  to  i  inch  in  breadth ;  the  strength  is  c 
pletely  destroyed  of  this  outer  portion,  and  a  sudden  shock  of  the  wl 
upon  some  point  of  the  road  completes  the  fracture  of  the  axle. 
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deflection  7  inches ;  at  the  third  space  the  diameter  3^  inches,  a 
deflection  5^  inches;  at  the  fourth  space  the  diameter  2^^  inch 
and  deflection  4^  inches.  Up  to  this  point  the  ade  maintained 
straight  form  from  the  hack  of  the  wheel,  and  from  this  point  to  t 
centre  of  the  asde,  as  shown  hy  the  deflections,  it  assumed  a  fiedr  cur 
proving  that  the  axle  was  weaker  towards  the  centre  than  it  ought 
have  heen,  and  that  the  first  12  or  14  inches  firom  the  wheel,  havi 
maintained  the  straight  form,  was  stronger  in  proportion. 

In  the  fifth  experiment  the  axle  was  reduced  to  two  inches  and 
half  in  the  centre,  and,  with  the  power  appUed  as  in  the  last  case,  t 
weakness  at  the  centre  was  more  perceptible. 

In  the  sixth  experiment  the  axle  was  made  of  another  form,  weali 
immediately  at  the  back  of  the  wheel  and  at  the  centre.  We  had  he 
two  bends  or  curves,  with  a  straight  portion  between  them. 

In  the  seventh,  there  was  an  improvement  upon  the  sixth,  but 
did  not  realise  a  perfect  balance  of  strength  at  the  difierent  points. 

In  the  eighth  experiment  Uus  was  fsurly  accomplished,  the  prop< 
tion  being  as  follows : — From  the  back  of  the  wheel  to  the  centre  of  t 
axle  the  sizes  were  4^!^  diameter,  3^  diameter,  3  inches  diameter,  \ 
diameter,  2f^  diameter,  2}  diameter,  2f^  diameter,  2^^  diameti 
2|  diameter;  the  half-length  of  the  axle  being  divided  as  before  iu 
eight  equal  spaces. 

It  must  be  evident  that  this  can  only  be  an  approximate  result,  b 
we  found  that  these  proportions  enabled  us  to  attain  the  nearest  approa 
to  a  regular  curve  in  bending  the  axle ;  and  it  is  worthy  of  notice  tb 
when  the  dimensions  of  the  axle  at  the  journal  and  in  the  boss  of  t 
wheel  are  determined,  a  calculation  to  ascertain  the  exact  proportii 
between  the  wheels  seems  to  confirm  the  above  statement  of  dimensio 
in  the  eighth  experiment 

The  greatest  strain  to  which  this  portion  of  the  axle  is  subject,  beii 
received  at  the  bottom  flange  of  the  wheel,  and  transmitted  through  i 
radius,  the  amount  of  strain  which  any  portion  of  the  axle  has  to  resi 
is  inversely  as  its  angular  distance  from  the  point  of  impact  is  to  tJ 
radius  of  the  wheel 

Assuming  the  blow  on  the  flange  of  the  wheel  to  exert  a  breakii 
force  equal  to  102,229  lbs.,  and  the  diameter  of  the  axle  to  be  4.' 
inches  to  resist  this  blow,  then,  dividing  the  axle  into  four  equal  spac 
to  the  centre,  the  proportionate  breaking  force  at  each  point  would  be 
follows : — ^At  the  first,  04,381  lbs.,  relative  diameter,  4.59  inches ; 
the  second,  80,697  lbs.,  relative  diameter,  4.35  inches;  at  the  thir 
67,798  lbs.,  relative  diameter,  4.11  inches;  at  the  fourth,  58,899  11 
relative  diameter,  3.92  inches. 
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Mr.  Henderson  thought  the  eabject  was  a  Tory  iinportan 
>ne,  and  had  been  well  treated  in  Mr.  McGonneU's  paper ;  an 
le  hoped  the  investigation  would  be  caihied  out  by  forther  experi 
nents. 

The  Chairman  said,  that  Mr.  McConnell  had  expressed 
strong  opinion,  that  a  change  took  place  from  a  fibrous  stractur 
n  iron  to  a  crystalline  one  during  the  time  of  its  being  in  use 
md  it  would  be  satisfactory  if  an  instance  could  be  pointed  ow 
where  this  change  had  occurred,  owing  to  vibration  or  any  othe 
reatment,  for  he  had  not  been  able  to  satisfy  himself  from  man 
experiments  that  any  such  molecular  change  took  place.  Ham 
nering  a  piece  of  hot  iron  till  it  is  cold  produced  a  hisffdnee 
lalled  crystalline ;  but  the  question  for  consideration  was,  sup 
)Osing  an  iron  axle  were  annealed  by  heating  to  a  dull  red  hea 
tnd  being  allowed  to  cool  slowly,  would  the  "  texture  "  of  that  iroi 
Lndergo  any  alteration  afterwards  from  the  vibration  of  the  railwa 
»r  any  piece  of  machinery  they  were  in  the  habit  of  employing.  H 
tad  not  been  able  to  detect  an  instance  of  the  kind ;  and  h 
fiving  evidence  before  the  Iron  Girder  Bridge  Commission,  h 
nentioned  cases  of  vibration  going  on  from  year  to  year  withou 
Aiy  sensible  change  occurring  in  wrought  or  cast-iron.  For  in 
itance,  thoy  had  the  Cornish  engine  beam  with  a  strain  of  50  lbs 
»er  inch,  working  8  or  10  strokes  per  minute  for  more  than  2i 
^eans ;  and  certainly  if  a  molecular  change  was  introduced  by  vj 
oration,  it  ought  to  be  by  that  continual  concussion  and  vibratioi 
fut  none  was  perceived.  Again,  the  connecting  rod  of  a  loco 
ciotive  was  a  piece  of  iron  in  a  most  perplexing  situation,  for  on 
Laving  more  to  do  and  having  the  strain  changed  more  frequent! 
b  was  difficult  to  conceive ;  and  yet  he  had  known  the  connectinj 
od  of  a  locomotive  engine  to  vibrate  8  times  in  a  second  fo 
everal  years'  i^egular  work,  making  more  than  200  million  time 
Itogether,  but  the  iron  retained  its  fibrous  structure;  and  h 
bought  axles  could  not  be  subject  to  so  much  vibration.  Whei 
berefore,  he  found  that  a  connecting  rod  did  not  change  its  mole 
ular  texture,  he  must  say  there  were  good  grounds  for  doubtini 
bat  uron  changes  its  state  in  axles. 

Then  with  regard  to  the  experiments  made  by  Mr.  McConnel 
ith  a  view  to  ascertain  where  axles  were  most  exposed  to  tension 
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ixed  within  the  hoss  of  the  wheel  being  very  rigid  whilst  the  rest 
remained  elastic^  which  caused  the  vibrations  to  be  suddenly 
checked  at  that  point.  No  doubt  the  plan  of  weakening  axles  in 
^he  middle  had  done  good  because  it  made  them  spring,  and  in 
srank  axles  it  relieved  the  strain  in  the  cranked  part. 

Mr.  Henry  Smith  suggested  that  in  the  case  of  bar-iron, 
:he  exterior  portion  had  greater  tenacity  than  the  interior  or  undei 
part ;  and  the  strength  would  be  more  than  proportionately  dimi- 
lished  where  the  exterior  portion  was  cut  through.  He  also 
referred  to  some  experiments  in  which  he  had  cold-hammered 
ibrous  iron  till  it  became  crystalline,  and  the  effect  produced 
[corresponded  with  the  description  given  by  Mr.  McConnell  of  the 
fractured  axles. 

Mr.  McGoNNELL  observed,  that  he  had  met  with  several 
sases  of  broken  axles  in  which  a  distinct  annular  space  was 
observable  all  round  the  surface  of  fracture,  that  was  quite  short- 
i^rained  and  appeared  changed  into  a  crystalline  texture,  whilst 
^he  centre  of  the  axle  remained  fibrous.  He  admitted  that  his 
experiments  were  only  approximate,  and  that  he  had  not  put  the 
{train  in  the  natural  way  ;  but  it  was  almost  impossible  to  do  so 
n  consequence  of  the  great  trouble  and  expense  that  would  have 
iccompanied  it ;  at  the  same  time  the  results  were  proportionate 
n  each  case,  and  the  accuracy  of  the  experimental  results  had 
)een  confirmed  by  calculation.  With  regard  to  the  axle  fitting 
nto  the  wheel,  they  now  allowed  only  a  very  small  shoulder,  not 
exceeding  a  sixteenth  of  an  inch,  and  this  shoulder  was  not 
jquare  but  tapered,  and  the  boss  of  the  wheel  was  slightly  coned 
X)  fit  the  shoulder. 

Mr.  CowPER  did  not  believe  that  any  axle  which  when 
}roken  proved  to  be  crystalUne  had  ever  been  fibrous  in  its  cha- 
•acter. 

Mr.  Bamsbottom  considered  that  a  change  took  place  in  the 
ix\e  from  the  effect  of  mere  mechanical  action,  and  his  observa- 
ions  bad  tended  to  confirm  him  in  that  opinion.  Some  time  ago 
le  selected  an  axle  which  had  not  a  very  good  form  of  journal, 
ind  the  end  broke  off  with  two  blows  of  a  12  lb.  hammer.  This 
txle  had  for  three  years  been  subject  to  a  strain  vertically,  which 
7as  reversed  at  every  revolution^  and  it  came  off  with  a  crystalline 
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One  portion  of  this  axle  was  clearly  fibroas  iron,  bat  the  oth 
end  broke  off  as  short  as  glass.     The  axle  was  taken  and  hai 
mered  under  a  steam  hammer,  then  heated  again  and  allowed 
cool,  after  which  they  had  to  cat  it  nearly  half  through  and 
hammer  it  a  long  time  before  they  could  break  it 

The  Chairman  remarked,  that  this  was  a  case  of  conver 
reasoning ;  for  it  was  an  instance  of  a  piece  of  crystalline  ire 
being  converted  into  fibrous  iron.  Iron  when  it  was  once  heat 
and  allowed  to  cool  gradually,  acquired  a  close  and  fine  grain,  b 
became  neither  crystalline  nor  fibrous  ;  if  cooled  suddenly 
acquired  a  crystalline  grain,  and  if  rolled  while  being  cooled 
became  fibrous,  but  he  did  not  think  that  it  undeni\  ent  any  moJ 
cular  change  from  mechanical  action  after  it  was  cold. 

Mr.  Henry  Smith  observed,  that  throwing  cold  water  up< 
hot  journals  did  great  injury  by  crystallizing  that  portion  of  ti 
axle. 

Mr.  Slate  did  not  think  that  any  change  from  a  fibroas  to 
crystalline  texture  was  produced  in  iron  unless  it  were  strains 
beyond  the  limit  of  its  elasticity.  Some  of  the  pump  rods 
Staffordshire  wliich  had  been  in  use  for  18  or  20  years,  were  su 
ject  to  a  strain  of  3  J  tons  per  square  inch  ;  and  a  short  time  a^ 
he  had  occasion  to  ascertain  their  actual  performance  with  referen 
to  this  very  question,  and  this  not  being  considered  conclusive,  ] 
had  made  a  machine  in  which  he  put  an  inch  square  bar  subject 
to  a  constant  strain  of  5  tons,  and  an  additional  varying  strain 
2 j-  tons,  alternately  raised  and  lowered  by  an  eccentric  80  or  ( 
times  per  minute,  and  this  motion  was  continued  for  so  long 
time  that  he  considered  it  equal  to  the  effect  of  90  years'  railwi 
working,  but  no  change  whatever  was  perceptible ;  and  therefo 
he  was  one  of  those  who  did  not  beUeve  in  a  change  from  a  fibroi 
to  a  crystalline  structure  in  iron.  He  remembered  a  case  whe 
a  question  having  arisen  as  to  the  manufacturers  of  a  certa 
shaft,  it  was  agreed  to  hammer  it  until  it  split  as  a  means  of  di 
covering  the  nature  of  the  manufacture  of  the  shaft ;  the  resu 
was  satisfactory  ;  and  the  iron  appeared  still  fibrous  in  texture. 

Mr.  Henry  Smith  promised  to  furnish  some  results  of  coL 
hammering  iron,  at  the  next  meeting. 

The  ftirther  consideration  of  the  paper  was  then  adjourned 
md  the  Chairman  said  he  wished  that  more  of  the  Members  hs 
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spaces  between  the  Walla  or  Girders  may  be  wider  than  when  bri 
arches  are  used  and  of  less  thickness ;  and  further,  if  from  any  unforese 
cause  one  or  more  of  the  plates  of  the  flooring  were  to  give  way, 
other  damage  takes  place  to  any  other  part  of  the  floor,  each  plate  beL 
quite  independent  and  in  no  other  way  bound  to  either  Walls  or  Girde] 

2. — The  Application  to  Girders. 

Girders  in  the  first  place  may  be  considered  simply  as  a  Bow  ai 
String  of  the  required  lengths ;  on  the  Bow  a  second  Arch  is  plao 
exactly  corresponding  with  the  outside  of'  the  Bow  and  extending  to  tJ 
point  A  A,  see  Fig.  8,  having  side  plates  B  B,  as  also  shown  in  Fig. 
This  forms  a  complete  case  over  the  Bow,  and  when  the  Girder 
weighted,  the  arch  being  restrained  from  flattening  or  altering  its  sha 
by  the  case,  the  entire  weight  comes  as  a  direct  strain  on  the  Tensi^ 
Bar  or  String  C  C,  Fig.  8.  There  is  no  fixture  or  attachment  to  t 
Tension  Bar  except  at  the  ends,  and  the  internal  Bow  or  String  is  p 
fecUy  free  from  the  case,  as  shown  in  the  models. 

Supposing  a  weight  were  suspended  &om  the  string  of  a  Bow,  t 
eflPect  would  be  to  raise  the  Bow  as  shown  in  Fig,  9  ;  whereas  if  t] 
same  weight  was  applied  to  the  Case  covering  the  Bow  as  in  Fig.  1 
the  effect  would  be  to  spread  the  strain  in  the  most  uniform  manner  i 
over  the  Bow,  and  transmit  the  whole  weight  into  the  chord  or  tensi 
bar.  For  example :  If  a  Girder  20  feet  long  had  20  tons  placed  on  t" 
centre,  on  this  principle  each  foot  of  the  Girder  would  bear  one  ton,  aj 
the  Tension  Bar  would  have  to  sustain  20  tons.  In  bridges  as  pi 
viously  constructed  it  is  customary  to  connect  the  Arch  to  the  string 
in  Fig.  11,  and  there  must  be  a  tendency  to  deflect  between  every  co 
necting  plate.  The  same  effect  is  produced  where  the  Girders  a 
formed  by  applying  the  pressure  over  the  top  of  the  Arch,  Fig.  15 
there  is  no  uniform  pressure  or  tension,  whereas  on  this  principle  tj 
weight  can  either  be  placed  on  the  arch  or  suspended  as  in  Fig.  1 
which  represents  a  Bridge  and  roadway ;  and  in  every  case,  if  the  Ion 
be  placed  in  any  varying  position,  the  pressure  and  tension  will  1 
uniform.  The  rise  of  the  Arch  from  the  Chord  has  hitherto  been  mai 
equal  to  one  inch  to  the  foot  in  length,  and  the  Aich  constructed  I 
placing  plates  of  cast  or  wrought-iron  between  angle-iron  as  in  Fig.  1^ 
but  there  are  other  methods  as  circumstances  may  require. 

When  the  string  or  tension  bars  are  too  long  for  one  plate  it 
proposed  to  use  a  series  of  links,  such  as  are  used  in  suspension  bridge 
and  from  the  great  length  such  chains  can  be  formed  there  does  n< 
appear  any  precise  limit  to  the  span  to  which  Girders  or  Bridges  may  I 
carried.     The  chains  themselves  can  be  used  as  an  element  of  increase 
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tractions  the  tensioa  bar  may  be  in  the  centre  with  an  arch  and  cas€ 
n  each  side  as  in  Fig.  17,  capable  of  resisting  equally  the  weight  oi 
^er  on  either  side. 

6. — Jetties  ob  Piers. 
Jetties  or  Piers  may  be  advantageously  constructed  on  this  principle 
nd  may  be  made  to  esctend  a  considerable  distance  for  a  oompamtiTe]) 
mall  cost.  For  instance,  a  Foot  Bridge  or  Pier  as  in  Fig.  18,  may  U 
onstructed  to  rest  on  the  land  in  the  usual  way  on  the  one  end,  and  or 
.  barge  at  the  other,  rising  and  falling  with  the  water. 

In  conclusion,  it  may  be  observed  the  advantages  attained  by  thif 
Qvention  are,  that  in  Fire-proof  Buildings  the  walls  are  free  from  latera] 
hrust ;  the  floors  may  be  made  thinner,  and  the  number  of  stories 
afely  increased ;  rooms  of  a  large  size  may  be  constructed  without  an^ 
miliars  or  supports  except  the  outer  walls,  at  a  much  less  cost  than  ii 
he  ordinary  construction.  Floors  on  this  construction  are  fire-proof 
16  easily  made  to  sustain  any  given  weight  or  to  support  an  increasec 
weight,  and  are  not  liable  to  be  destroyed  by  decay  or  vermin,  and  ik 
Mrt  of  the  floor  giving  way  causes  an  extra  strain  on  the  other  parts,  m 
he  whole  floor  is  formed  of  self-contained  and  independent  parts. 

In  Girders,  by  the  combination  of  wrough^iron,  castriron,  and  steel 
heir  strength,  form,  pr  weight  may  be  adapted  to  meet  almost  all  cir 
iumstances ;  and  larger  spans  in  Bridges,  ^.,  can  be  adopted  with  i 
Quch  less  consumption  of  materials  than  in  other  constructions,  beside 
aking  into  consideration  the  slight  support  required  from  the  absence  o 
ateral  thrust. 

Many  experiments  have  been  made  on  a  larger  scale  than  thi 
Qodeb  now  laid  before  the  meeting ;  and  it  has  been  ascertained  tha 
he  comparative  strength  of  these  Girders,  when  compared  with  cast-iron 
3  as  7  to  28,  or  four  times  as  strong :  that  is,  a  girder  that  would  weigl 
s  tons  in  casMron,  to  carry  a  certain  weight,  can  be  constructed  to  can^ 
he  same  weight  on  this  principle  and  will  only  weigh  I  ton. 

Mr.  Lloyd  regretted  that  Mr.  Nasmyth  was  not  present,  a? 
le  would  have  been  much  better  prepared  to  explain  the  principh 
»f  the  girder,  and  answer  any  objections  that  might  be  raised 
Jr.  Nasmyth  had  intended  to  be  present  at  the  meeting,  but  wai 
mexpectedly  prevented  from  attending. 

The  Chairman  observed,  that  the  bar  of  wrought-iron  whicl 
ras  employed  as  an  arch  in  the  girder,  was  not  capable  of  sus 
Euning  much  compression  without  buckling ;  and  he  could  no 
nderstand  why  wrought-iron  was  introduced  into  arches,  whei 
bie  arch  was  the  best  possible  form  for  the  adoption  of  oast-iron. 
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parts  of  the  girder ;  but  when  thrown  into  the  arch  form  thii 
leverage  was  so  mach  diminished  towards  the  ends,  on  account  o 
diminished  depth  of  the  girder,  that  the  thickness  would  requin 
increasing  there  to  obtain  sufficient  resistance,  which  involved  ai 
increase  in  the  quantity  of  material  employed. 

Mr.  CowPER  thought  this  increase  would  be  slight,  comparer 
with  the  saving  of  material  effected  at  the  ends  by  adopting  th< 
arched  form  instead  of  the  straight  top.  In  the  parallel  box 
girder,  formed  with  side-plates,  the  strain  passed  down  obliquely 
through  the  side-plates  to  the  lower  part  of  the  girder  at  each  end 
and  the  plates  were  required  to  be  thicker  at  that  part ;  but  ht 
thought  the  better  plan  was  to  place  the  material  in  the  directioi 
of  this  strain  by  making  the  box-girder  in  the  Torm  of  an  arcl 
and  tying  the  ends  together  by  the  tension  bars. 

Mr.  Slate  was  of  opinion,  that  a  cast-iron  rib  with  j 
wrought-iron  tie,  was  the  most  economical  and  efficacious  appli 
cation  for  the  girders  of  railway  bridges. 

The  Chairman  remarked,  that-  with  some  variation  the  pro 
posed  plan  might  be  satisfactorily  adopted  for  supporting  th< 
floors  of  warehouses,  but  he  thought  there  would  be  great  diffi 
culties  in  applying  it  to  bridges  of  large  span. 

A  vote  of  thanks  was  then  passed  to  Mr.  Lloyd  for  hi: 
communication. 

The  Chairman  announced  that  the  Ballot  lists  had  beei 
opened  by  the  Committee  appointed  for  the  purpose,  and  tha 
the  following  new  Members  were  elected. 

Members. 

Mr.  Humphrey  Chamberlain,  Worcester, 

Mr.  William  Johnson,  Glasgow, 

Mr.  Robert  Morrison,  Newcastle-on-Tyne. 

A  vote  of  thanks  was  passed  to  the  Chairman,  and  tin 
proceedings  terminated. 


PAINT  BD    BY   B.  HUNT   AND   SONS,  UIOH   STBBBT,  BIBMINQHAM. 
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4  ANNUAL  KLKOTION.  J«n 

of  a  suitable  monument  in  an  appropriate  position;  and  the; 
confident  that  the  proposal  had  only  to  be  named^  to  meet  w 
hearty  response  and  cordial  cooperation  from  every  one  acquai 
with  the  distinguished  merits  and  genius  of  one  who  had  dor 
much  service  to  his  country  and  so  much  honour  to  his  profesi 
Mr.  Geach  rose  to  propose  a  resolution  in  accordance 
the  remarks  of  the  Chairman,  and  expressed  his  conviction 
the  public  mind  was  quite  prepared  for  such  a  step,  and 
there  were  numerous  admirers  of  their  late  President  who  w 
gladly  cooperate  in  the  object.  It  was  not  for  the  Council  oi 
Institution  to  decide  in  what  precise  form  the  memorial  shoul 
carried  out,  they  merely  proposed  to  take  the  initiative  in 
matter,  and  the  Council  would  take  steps  to  get  a  larger  and  r 
comprehensive  Committee  than  their  Institution  would  fumis 
consider  the  best  means  of  marking  in  a  lasting  manner  the  1 
opinion  entertained  of  the  moral  worth  and  scientific  charact 
the  late  George  Stephenson. 

He  proposed  the  following  resolution  : — "  That  it  is 

opinion  of  this  Meeting  that  the  time  is  now  arr 

when  some  steps  should  be  taken  to  commemorate 

memory  of  the  late  George  Stephenson,  and  ihs 

this  Institution  was  founded  under  his  auspices, 

during  his  life  he  continued  its  President,  the  Mem 

can  appropriately  claim  the  privilege  of  originating 

appeal  to  those  willing  to  cooperate  for  the  above  ] 

pose  ;  and  that  the  members  of  the  Council  be  appoii 

a  Committee  to  carry  out  the  above  object." 

Mr.  Buckle  seconded  the  resolution,  and  it  was  passed. 

The  Chairman  said  that  the  ballot  lists  had  been  openec 

the  Committee  appointed  for  the  purpose,  and  they  reported 

the  following  OiScers  and  Members  of  Council  were  elected 

the  ensuing  year. 

President. 
Robert  Stephenson,  M.P.,  London. 

Vice-Presidents. 

Charles  Beter,  Manchester, 
J.  E.  McConnell,  Wolverton, 
John  Penn,  London. 

Digitized  by  VjOOQ IC 


railway  axles. 

Council. 
William  Buckle,  Birmingham, 
.  £.  Clift,  Birmingham, 
.  Scott  Eussell,  London, 
loBERT  Sinclair,  Glasgow. 
DSEPH  Whitworth,  Manchester. 
s  ten  Members  of  Council  who  continue  in  i 

Treasurer. 
HARLES  Geach,  Birmingham. 

Secretary. 
iTiLLiAM  P.  Marshall,  Bii*Diingham. 

IAN  announced  that  the  following  new 
L 

Members. 
Latthew  Curtis,  Manchester, 
LoBERT  B.  DocKRAT,  London, 
ONATHAN  Dickson  Ikin,  Westminster^ 
OHN  Linn,  Barrow-on-Humher, 
L  S.  NoRRis,  Warrington, 
lNDREW  Shanks,  Johnstone, 
'HOMAfr  Thorneycroft,  Wolverhampton. 

Honorary  Members. 
William  Lucy,  Birmingham, 
Sdward  Watkin,  London. 

Smith  proposed  a  vote  of  thanks  to  tb 
18,  which  had  been  productive  of  so  muc 
1.     The  resolution  was  seconded  by  Mr. ' 


led  discussion  on  Railway  Axles  was  tl 
I  the  following  additional  paper  by  Mr.M 

EBIORATION  OF  RAILWAY  AX 

1  requested  at  the  last  meeting  to  fumii 
ige  from  the  fibrous  to  the  crystalline  chai 
Axles,  and  feeling  convinced  that  a  strict 
f  this  important  subject  is  a  neceseity  in  i 
the  enquiry  has  been  resumed  in  the  hop 
m  and  experience  gained  may  tend  to  a 
the  subject. 
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6  RAILWAY   AXLES.  J*n., 

Before  stating  the  results  of  the  different  experiments  which  1 
been  made  with  the  view  of  ascertaining  the  cause  and  extent  of 
change  from  the  fibrous  to  the  crystalline  appearance  in  railway  1 
iron,  it  must  be  observed  that  in  this,  as  in  some  other  mattei 
controversy,  it  is  most  difficult  to  produce  full  and  conclusive  p 
that  the  iron  which  is  produced  of  a  crystalline  character  was 
fibrous,  as  we  cannot  by  any  experiment  show  the  change  vii 
taking  place ;  but  surely  it  is  fair  and  reasonable  to  admit  the 
of  a  change,  when  we  find  Railway  Axles  when  new,  from 
particidar  mode  of  manufacture,  present  through  every  part  of  i 
substance  a  tough,  strong,  fibrous  appearance,  yet  after  several  y 
use,  we  find  axles  of  the  same  description,  owing  to  the  vai 
deteriorating  causes  in  action,  break  short  at  the  back  of  the  w 
and  then  present  an  appearance  totally  different  from  the  ori^ 
structure  of  the  iron,  as  described  above. 

It  has  so  happened,  in  strong  confirmation  of  the  views  state 
the  writer  at  the  former  meeting,  that  a  very  remarkable  instanc 
this  change  was  brought  under  his  notice  shortly  after  that  discuss 
f^id  he  thought  the  evidence  which  this  case  furnishes  so  impoi 
and  conclusive,  (although  produced  without  any  design,  and  in 
nary  course  of  business)  that  the  axle  has  been  brought  for  th< 
spection  of  the  present  meeting. 

This  axle  was  fixed  in  cast-iron  wheels,  of  the  pattern  in  m 
several  lines  of  railway,  having  the  H  form  of  spoke,  and  ajs 
wheel  is  perfectly  rigid,  experience  has  proved  that  the  axles  are  i 
more  liable  to  deterioration  when  working  in  these  kind  of  wi 
than  in  those  wheels  made  partly  of  wood  or  other  constructi< 
wrought-iron,  &c.,  which  may  have  a  certain  amount  of  elasticity, 

The  axle  now  under  consideration  broke  in  ordinary  woi 
close  at  the  back  of  the  wheel  as  is  usually  found,  and  the  fraci 
ends  which  are  now  produced  to  the  meeting  afford  the  most  dis 
proof  of  the  annular  space,  which  was  stated  on  the  former  occasi< 
be  observable  all  round  the  surface  of  the  fracture ;  and  this  is 
only  short  grained  and  crystalline,  but  there  is  also  in  the  wr 
opinion  an  evident  distinct  separation  to  the  extent  of  the  am 
space  which  it  would  appear  takes  place  some  time  before  the 
fracture,  as  if  each  successive  blow,  heavy  or  light,  lateral  or  ver 
received  or  transmitted  through  the  wheels,  had  each  tended  tc 
troy  its  proportion  of  cohesion  of  the  previously  crystallized  subsi 
of  the  axle  at  that  particular  place  where  the  fracture  occurs. 

On  receiving  this  axle  in  the  workshops,  with  one  wheel 
attached,  it  was  allowed  by  accident  to  fall  a  short  distance  froi 
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2nd  Experiment  was  made  upon  the  axle  with  cast-iron  wheeli 
placed  as  in  the  former  case,  and  the  same  weight  was  allowed  to  fal 
ihe  same  distance  at  the  back  of  the  wheel,  when  the  effect  of  the  firsi 
>low  was  to  break  the  axle  at  the  other  end,  at  the  back  of  the  wheel 
ihus  proving  that  in  the  former  case  the  axle  was  saved  from  fractun 
97  the  wooden  wheel  absorbing  its  full  share  of  the  effect  of  the  blow 
md  the  tyre  of  the  wheel  breaking  proved  that  in  course  of  working 
t  would  receive  a  portion  of  the  deteriorating  forces  tending  U 
nrystallize,  the  wheel  acting  like  a  cushion  to  soften  the  blows  befon 
/hey  reached  the  axle ;  in  the  later  case  the  rail  supporting  the  cast 
ron  wheel  was  fractured  in  three  places. 

A  3rd  Experiment  was  tried  with  another  axle  with  cast-iron  wheel 
placed  as  before,  and  received  four  blows  on  each  end  of  the  axle  withii 
^e  wheels,  which  caused  it  to  bend,  but  produced  no  fracture.  Thii 
ixle  had  not  been  much  used,  and  was  of  a  stronger  fibrous  character 

In  order  to  ascertain  the  relative  appearances  of  axles  which  hac 
^een  in  use,  and  determine  the  position  of  the  crystalline  change,  boti 
it  the  centre  and  outer  surface  of  the  axle,  the  writer  caused  four  axle 
s^hich  had  been  condemned  as  too  small  from  wear  in  the  bearings,  t^ 
liave  a  groove  cut  in  two  cases  on  each  side,  to  within  an  inch  of  th( 
centre,  and  in  the  other  two,  grooved  through  to  within  an  inch  of  th( 
)uter  sarfiace;  these  were  split  asunder  with  wedges,  and  their  appear 
mces  will  show  that  a  certain  change  has  been  going  on,  and  this  i 
more  observable  in  one  end  of  the  axle  than  the  other,  attributable,  hi 
b)elieves,  to  the  break  being  applied  to  the  wheel  which  was  on  the  6n< 
nrhere  the  greatest  crystalline  change  is  visible.     See  Fig.  2,  Plate  1. 

He  has  made  a  number  of  other  experiments  in  the  presence  o 
several  of  the  members  of  the  Institution,  with  the  view  of  deter 
[nining  the  effect  produced  on  the  fibre  of  iron  by  the  cold-hammerinj 
process.     The  following  are  the  principal  results  : — 

No.  1.  A  piece  of  ordinary  bar-iron  2J  inches  wide  and  1^  incl 
thick,  i*eceived  20  blows  to  nick  it  across,  and  was  broken  with  2] 
blows  of  a  14  lb.  hammer,  showing  a  fracture  part  fibrous  and  par 
crystalline. 

No.  2.  The  same  bar  received  52  blows  on  one  side,  and  55  oi 
die  other,  from  the  14  lb.  hammer,  with  20  to  nick  it  as  before,  an< 
it  broke  with  14  blows,  showing  different  layers  of  fibre  and  crystal. 

No.  8.  The  same  bar  received  50  similar  blows  on  each  side  a 
N^o.  2  but  each  blow  on  alternate  sides  successively,  and  20  ii 
licking,  and  9  blows  broke  it. 

No.  4.  The  same  bar  was  not  cold-hammered,  but  received  20  blow 
in  nicking  and  required  28  blows  to  break  it,  showing  a  good  fracture 

Digitized  by  VjOOQ IC 


Digitized  by 


Google 


10  RAILWAY   AXLES.  Jan.,  li 

dry,  and  when  heated  by  the  friction  cooled  with  water,  while  t 
other  journal  waa  kept  well  lubricated  with  oil.  When  taken  oi 
the  journal  which  had  been  heated  was  broken  with  12  blows  of 
hammer  22  lbs.  in  weight,  while  the  lubricated  joupial  required  ' 
blows  with  the  same  hammer  to  break  it,  in  both  cases  without  bei 
nicked ;  this  appears  satisfactorily  to  prove  the  injury  to  the  axle  whi 
results  from  the  practice  of  throwing  cold  water  on  the  journal  to  oool 
when  it  has  become  nearly  red  hot  from  the  want  of  proper  lub^icatic 

In  addition  to  various  other  experiments  with  the  view  of  det< 
mining  the  change  which  is  gradually  going  on  in  Railway  Axles,  a 
other  iron  liable  to  a  jarring,  vibrating  motion,  the  writer  would  rei 
the  meeting  to  a  few  of  the  samples  of  broken  axles  sent  to  him  fro 
various  quarters,  which,  if  proof  vrere  wanting,  completely  substantial 
in  his  opinion,  the  certainty  of  the  crystalline  change. 

Before  reading  some  of  the  communications  received  from  oth 
gentlemen  containing  their  experience  on  'the  subject,  he  would  fij 
call  attention  to  the  two  expeiiments  which  were  tried  in  relation 
the  proportion  and  form  of  axle,  in  order  to  meet  the  objection  rais 
at  the  former  meeting,  **  that  the  slow  pressure  on  the  flanches  of  tl 
wheel  to  discover  where  the  axles  were  most  exposed  to  the  bendi] 
strain  was  not  a  faithful  representation  of  what  takes  place  in  practia 
The  axle  was  fixed  upright  so  that  the  wheels  were  placed  in  sucli 
position  that  the  violent  blow  when  the  wheels  of  the  carriage  jarr 
upon  the  rail  was  fairly  represented  by  the  blow  caused  by  the  desce 
of  a  weight  of  17  cwt  which  was  allowed  to  fall  upon  the  edge  of 
wheel  at  A.  from  a  height  of  9^  feet.  It  is  most  satisfactory  to  fii 
that  the  curve  into  which  the  axle  was  bent  is  quite  in  accordan 
with  the  former  results,  which  were  obtained  by  slow  pressure  appli 
at  the  same  points,  and  establishes  the  rule  of  proportion  of  the  as 
therein  stated.     See  Plate  2. 

The  following  are  some  instances  of  tough  fibrous  -r^v,,  *»!.*;»- 
being  rendered  britde  and  breaking  off  quite  square 
grained  fracture  from  the  effect  of  the  concussion  of  ver 
rapidly  repeated  for  a  long  period ;  the  blows  being  very 
compared  to  the  strength  of  the  iron.  These  specimens 
machines  for  making  button  shanks,  in  Mr.  Heaton's  M 
ham.  The  hammer  in  these  machines  is  about  2^  lbs.  i 
lifted  by  a  rod  |  inch  square,  which  has  a  pull  upon  it  of 
from  the  difference  of  leverage;  the  hammer  strikes  1 
minute,  but  the  cam  that  drives  it  acts  only  during  one 
revolution,  so  that  the  velocity  of  the  hammer  is  equal 
the  number  of  blows,  or  nearly  1000  changes  of  motioi 
The  lifting  rods  always  break  with  a  close-grained  d 
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Helyes,  we  were  induced  to  try  a  torougJU-vron  one  16  inches  1 
inches.  After  using  this  for  several  months  the  shaft  broke  in 
about  the  middle,  and  the  fracture  presented  the  crystalline  appears 
of  '  short '  cast-iron  :  we  repaired  the  shaft,  and  in  the  course  of  a 
months  it  again  broke  about  the  same  place,  and  it  again  present 
similar  granulated,  cast-iron  like,  crystalline  appearance  throughout 
face  of  the  fracture.  I  attributed  this  change  solely  to  the  vihra 
And  jar  occasioned  in  the  process  of  hammering  steel,  more  particul 
cast  steel." 

Communication  from  Mr.  Benjamin  Gibbons. 

*^Shut  End  House,  near  Dudley,  I5th  January^  ISi 

"  When  the  heavy  Cast-iron  Helves  were  used  for  drawing 
Bars,  and  the  art  of  chilling  iron  was  little  understood,  the  nose  or  1 
part  of  the  iron  Helve  struck  by  the  Cam  to  lift  it  was  protected  1 
wrought-iron  plate  well  fitted,  and  this  was  secured  by  a  large 
countersunk  into  it,  and  extended  through  a  hole  cast  through  the  i 
of  the  Helve  and  screwed  as  fast  as  possible  on  the  upper  side, 
very  best  and  mostfihrous  iron  (ascertained  to  be  so  by  previous  bn 
ing)  was  always  selected,  and  yet  when  the  pin  broke  by  the  repei 
shocks  it  had  to  sustain  (about  90  times  per  minute),  it  always  bi 
with  a  large  bright  gi'ain,  wWiout  the  least  trace  of  fibre.  This  wa 
regularly  the  case  that  I  never  knew  a  pin  last  for  many  months. 

"Another  instance  was  in  a  Fly  Wheel  where  Wrought-Iron  A 
were  used  instead  of  Cast-iron,  for  the  purpose  of  throwing  the  wei 
to  the  outer  circumference,  and  this  wheel  was  applied  to  a  Fc 
Hammer  Engine.  It  worked  well  for  a  time  till  the  arms  got  1< 
in  the  cast-iron  rim,  and  then  a  violent  shock  was  received  every  t 
the  Cam  struck  the  Helve ;  after  some  time  the  arms  began  to  bi 
one  after  the  other,  and  though  the  iron  was  of  the  toughest  descripl 
originally,  it  was  found  that  any  part  broken  was  of  a  bright  crys 
line  grain. 

"  The  pins  of  Shears  for  cutting  down  large  cold  bars  susi 
violent  shocks ;  they  perpetually  break  with  the  same  bright  gr 
though  made  of  the  toughest  iron.  Also  the  Iron  Arms  of  comi 
carts  always  break  with  that  grain  from  the  same  apparent  cause. 

"  I  have  taken  iron  of  this  bright  crystalline  character  which  I 
previously  known  to  be  fibrous,  and  by  drawing  it  down  a  little 
proper  heat  have  never  failed  to  restore  the  fibrous  texture  of  the  in 

The  practical  suggestions  derivable  from  the  foregoing  ez] 
ments  and  enquiries,  which  are  confirmed  by  all  the  writer's  prev 
experience  and  information,  are —  ^  j 
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With  the  above  views  kept  prominently  before  them  in  all  tl 
enquiries  in  this  as  well  as  in  other  branches  of  practical  researcl 
developing  improvements  of  commercial  utility,  the  Members  of  i 
Institution,  from  their  different  positions,  with  large  and  varied  op] 
tunities,  will  be  enabled  to  effect  great  good;  they  will  assist 
progress  of  useful  Mechanical  Inventions,  and  entitle  themselves 
the  respect  and  gi-atitude  of  all  classes,  as  being  the  means  of  produc 
and  encouraging  lasting  and  substantial  advantages  to  the  commer 
and  manufacturing  interests  of  the  country. 


The  Chairman  remarked  that  it  was  much  to  be  regret 
that  their  President,  who  took  a  great  interest  in  the  subject,  \ 
absent,  and  perhaps  it  would  be  well  not  to  conclude  the  inve 
gation  that  evening,  in  order  to  afford  him  an  opportunity 
being  present. 

Mr.  CowPER  enquired  with  reference  to  the  broken  a 
exhibited,  whether  it  had  been  nicked  to  a  square  shoulder  t 
broken  to  test  the  quality  of  the  iron,  or  whether  it  had  o 
been  bent  by  pressure. 

The  Chairman  replied,  that  the  axle  was  broken  at  one  i 
whilst  running  on  the  railway,  and  was  broken  off  short  off  at 
other  end  by  falling  to  the  ground ;  and  then  in  order  to 
whether  the  crystallization  w^as  local  or  otherwise,  it  was  aft 
wards  bent  in  the  centre  by  three  or  four  blows  from  a  weighl 
17  cwt.  falling  upon  it,  without  the  axle  being  nicked,  and  it\ 
then  doubled  up  by  the  hydraulic  press,  but  it  did  not  show  a 
appearance  of  breaking. 

Mr.  Wright  observed,  that  the  fracture  was  at  a  very  d( 
square  shoulder,  and  a  great  deal  of  the  appearance  round  1 
fiacture  might  be  the  result  of  the  shoulder. 

The  Chairman  replied,  that  this  to  a  certain  extent  mi^ 
be  the  case,  but  even  without  the  shoulder  there  seemed  to  be 
annular  crystalline  space  going  on  forming. 

Mr.  Walter  Williams  expressed  his  full  concurrence 
the  views  stated  by  Mr.  Gibbons  in  his  communication,  wh 
were  founded  on  very  long  experience.  He  could  also  speak  fr 
the  experience  of  many  years,  that  he  had  invariably  found  tl 
iron  much  used  as  axles  broke  in  the  manner  described  by  i 
chairman.  He  was  therefore  quit^  satisfied  that  a  change  tal 
place  in  the  structure  of  iron,  and  was  rather  surprised  tha 
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tained  quality  of  iron  for  the  purpose,  both  tough  and  stroi 
and  of  uniform  clean  fibrous  texture."  That  was  his  opini 
with  reference  to  the  quality  of  iron  to  be  employed,  and 
thought  the  Institution  would  be  departing  from  its  provii 
were  it  to  consider  any  particular  district  or  manufacta 
They  were  now  treating  of  the  deterioration  of  railway  axles,  a 
tlie  question  to  be  decided  by  proofs  adduced  to  the  memb 
was  whether  they  underwent  such  a  change  as  from  fibrous 
crystalline  iron;  that  question  being  determined,  they  mi^ 
then  not  only  consider  the  quality  of  iron,  but  the  form  of  rj 
way  axles  most  advantageous  to  be  adopted. 

Mr.  Hodge  observed,  that  when  steel  was  employed  it  t 
in  order  to  produce  stifi^ness  and  not  to  resist  torsion ;  he  did  i 
think  that  the  mere  imparting  of  carbon  to  iron  would  give 
the  properties  required  for  the  present  purpose. 

Mr.  Slate  doubted  whether  the  term  fibrous,  as  applied 
iron,  properly  described  the  state  or  condition  of  the  material 
which  it  referred.  He  could  understand  a  fibre  of  cotton 
wool  or  other  such  material,  but  in  the  case  of  fibrous  iron,  at 
was  termed,  they  found  a  series  of  small  crystals  united  longil 
dinally  giving  the  appearance  of  fibre,  and  when  changed 
larger  crystals  the  peculiar  cohesion  seemed  to  be  destroyed,  a 
the  whole  became  a  conglomerate  mass  without  any  appearai 
of  fibre. 

Mr.  Cowper  said,  it  appeared  to  him  that  fibre  in  iron  t 
composed  of  the  separate  particles  of  iron  existing  in  the  puddii 
furnace  of  different  sizes,  and  that  these  were  afterwards  elo 
gated  in  the  process  of  forging  and  rolling,  so  that  a  number 
long  particles  were  obtained  lying  near  to  each  other  thou 
there  was  not  perfect  contact  owing  to  the  interlying  cind 
Crystalline  iron  was  that  in  which  the  particles  assumed  a 
other  form  than  the  elongated  form.  All  iron  contained  a  p( 
tion  of  cinder  or  silicate  of  iron,  which  was  more  or  less  squeez 
out  in  the  process  of  forging  and  rolling. 

Mr.  Hodge  remarked,  that  to  arrive  at  any  true  results 
to  the  structure  of  iron  it  would  be  necessary  to  call  in  the  aid 
the  microscope,  to  examine  the  fibrous  and  crystalline  structu] 

Mr.  Walter  Williams  adverted  to  the  well-known  fact  tl 
the  continued  working  of  machinery,  such  for  instance  as  t 
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Mr.  HoDQE  observed,  that  this  was  quite  analogous  to 
results  given  in  the  report  of  the  Commissioners  on  the  exp< 
ments  with  reference  to  the  duration  of  wire  bridgea.in  Frar 
that  the  effect  was  produced  by  the  constant  vibration  or  jarr 
between  the  particles  of  the  iron. 

Mr.  P.  R.  Jackson  suggested  that  the  opinion  of  the  m( 
ing  should  be  taken  whether  the  change  took  place  or  not ; 
the  Chairman  observed  that  sucli  a  course  would  be  contrary 
the  practice  of  the  Institution, 

Mr.  William  Smith  said,  that  he  produced  two  specim 
of  ordinary  puddled-bar  iron  1 J  inch  square,  on  which  he  ! 
tried  the  effect  of  hammering ;  the  first  piece  was  broken  off  fi 
the  bar  by  22  blows  of  a  14  lb.  hammer,  the  bar  having  b 
nicked,  and  the  fracture  was  very  fibrous ;  the  second  piece  ' 
7  inches  length  cut  off  from  the  same  bar  next  to  the  first  pi( 
and  he  set  it  on  an  anvil  and  struck  it  20  blows  on  the  end,  j 
it  was  then  nicked  in  the  middle  and  broke  off  with  a  single  h 
blow,  and  showed  a  square  crystalline  fracture  ;  another  pi 
was  then  broken  of  the  same  end  of  the  bar  as  the  first  piece 
ascertain  if  the  quality  of  iron  in  the  bar  was  the  same,  an 
required  21  blows  to  break  it,  and  was  similar  in  the  fractun 
the  first  piece. 

Mr.  MiDDLETON  remarked,  that  in  taking  off  the  tires  ft 
the  driving  wheels  of  an  engine  he  observed  that  the  bolts  w 
quite  crystalline ;  he  was  quite  satisfied  there  was  a  change.  I 
with  regard  to  the  hammering  which  took  place  on  the  rails, 
his  opinion,  it  was  quite  sufiicient  to  cause  the  change  obsen 
in  railway  axles. 

Mr.  Heaton  said,  he  fully  concurred  in  all  that  had  h 
said  in  favour  of  a  change  being  effected  in  the  structure 
iron.  He  considered  the  change  was  generally  confined  to  so 
particular  part,  and  the  rest  of  the  iron  was  not  injured ;  in 
machine  for  flattening  button  shanks,  which  gave  a  blow  of  ab 
12  lbs.  (mentioned  in  Mr.  McConnell's  paper),  the  constant  act 
had  the  effect  of  breaking  the  levers,  which  showed  a  crystall 
fracture,  although  within  half  an  inch  from  the  part  so  broi 
the  iron  continued  unchanged  and  quite  fibrous.  The  same  v 
observable  in  the  cross  pins  of  corn-spindles  which  frequen 
broke  in  a  few  weeks'  wear,  and  he  did  not  know  which  lasl 
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rmly  tapered  in  breadth  so  that  each  half  of 
I  triangle.  In  practice  the  plates  of  laminated 
llel  in  breadth  and  thickness,  inasmuch  as  the 
t  economical  form,  and  the  taper  is  obtained  as 
le  different  lengths  of  plates, 
sted  of  only  one  plate  parallel  in  breadth  but 
mch  taper  should  be  in  the  form  of  a  parabola, 
proportion  to  the  square  of  the  thickness.  This 
2,  Plate  3,  by  the  part  A  A. 
presents  one-half  of  an  ordinary  waggon  bearing 
le  same  spring  pressed. flat,  but  supposing  the 
T  one  another. 

Lsisted  of  a  number  of  very  thin  parallel  plates, 
lid  be  a  imiform  taper  in  thickness  from  the 
inds,  as  shown  by  the  portion  B  B  in  Fig.  2, 
of  each  part  of  the  spring  would  depend  upon 
at  that  part  In  practice  the  most  correct  form 
^e  two  forms  of  the  triangle  and  the  parabola, 
igle,  as  the  thickness  of  the  plates  bears  only  a 
le  average  length. 

n  in  Fig.  1  is  3  feet  3  inches  long,  3  inches  wide, 
in  the  centre,  and  consists  of  15  plates  -j^  inch 
the  outside  plates,  which  are  |  inch,  according 
to  allow  for  the  plate  not  being  supported  by 

Bre  a  single  plate  of  the  same  total  strength  it 
b  thick  at  the  centre,  and  in  the  form  of  the 

2^  but  as  it  consists  of  a  number  of  plates  the 
B  beyond  that  curve. 
» B  B  in  Fig.  2  is  drawn  outside  the  curve,  giving 

the  centre  of  the  spring  to  the  end  of  the  second 
)  plate  its  full  thickness  to  the  end.     This  line 

to  be  adapted  for  the  practical  outline  of  the 
)n  from  correctness  is  only  very  small  and  gives 
in  strength  at  the  quarter  length  D,  which  is 

because  the  centre  0  is  usually  weakened  by  a 
iicing  the  strength  one-eighth  at  that  point. 

transferred  from  Fig.  2  to  the  curved  spring  in 
le  length  of  the  top  plate  into  16  equal  parts  by 
,  which  are  drawn  vertical  in  Fig.  2,  and  radiating 
rarve  of  the  spring  in  Fig.  1.  These  lines  being 
i  in  both  cases  give  the  curved  line  B  B  in  Fig*  1  • 
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22  RAILWAY  SPRINGS.  Jtn 

The  end  of  the  top  plate  is  lengthened  and' turned  down  at  E  tc 
a  bearing  to  the  spring. 

The  writer  has  in  practice  set  out  all  springs  required  by  hii 
drawing  through  the  extreme  points  C  and  E  a  circular  arc  of  the 
radius  as  the  top  plate  of  the  spring.  The  line  obtained  by  this  m( 
is  a  singular  instance  of  how  near  practice  has  approached  theo 
this  simple  method,  the  extreme  difference  being  only  -J  inch. 

The  line  H  H  is  obtained  in  the  same  manner  as  before  desci 
excepting  that  the  spring  is  not  tapered  to  the  centre,  but  to  a  i 
of  2  inches  from  the  centre,  viz.,  from  C  to  H.  This  is  the  fonr 
versally  adopted,  but  it  is  clearly  incoiTect,  as  the  centre  is  mad( 
portionately  weaker  than  the  remaind(3r  of  the  spring,  as  well  as 
further  weakened  by  the  rivet  hole  through  the  centre. 

The  true  and  correct  form  of  spring  would  be,  that  the  cen^ 
the  spring  should  be  at  H,  and  the  plates  connected  not  by  a  rive 
with  a  naiTow  hoop.  In  practice  the  spring  is  clipped  to  atid  be« 
the  axle-box  at  H,  and  consequently  the  mass  of  steel  H  to 
entirely  wasted. 

In  two  plates  of  steel  of  the  same  length  and  breadth  b 
different  thickness,  the  amount  of  deflection  caused  by  the 
weights  is  in  proportion  to  the  cube  of  the  thickness,  althoug 
breaking  strength  is  in  proportion  to  the  square  of  the  thickness 
sequently  if  one  spring  were  made  with  plates  double  the  thickn 
those  of  another  spring,  the  first  would  require  only  one-eight 
number  of  plates,  viz.,  one-eighth  the  weight  of  material  to  suppo 
load  with  the  same  amoiint  of  deflection ;  but  in  that  case  the  ext< 
the  displacement  of  the  particles  of  the  steel  in  the  thick  plates  ^ 
be  double  of  that  in  the  thin  plates,  and  in  the  practical  appli< 
of  thick  plates  to  springs  it  is  necessary  to  limit  the  deflection  v 
the  above  extent,  as  the  double  amount  of  deflection  would  bre 
strain  the  particles,  presuming  that  in  the  thin  plates  the  pai 
were  being  strained  to  a  reasonable  extent. 

The  Waggon  Bearing  Spri^ig  in  ordinary  use  on  the  Mid 
London  and  North  Western,  and  other  Railways  is  shown  in  I 
and  is  3  feet  3  inches  long,  6  J  inches  camber,  4|4  inches  thick 
3  inches  wide,  consisting  of  15  plates  of  which  2  are  J  inch  an 
rest  ^  inch  thick,  and  the  spring  averages  in  weight  about  93  1 

This  spring  is  used  to  sustain  loads  not  exceeding  6  tons  o 
four  springs  exclusive  of  the  waggon  body ;  the  waggon  body  w 
barely  2  tons,  making  the  total  load  about  8  tons,  or  2  tons  per  sp 
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24  RAILWAi;   SPBINGS.  J«ii.,l 

The  Waggon  Bearing  Spring  in  extensive  use  on  the  Midla 
Oreat  Western,  and  other  Irish  Railways,  and  on  the  London  a 
North  Western  Eailway,  is  the  ordinary  spring  as  in  Fig.  1,  but  w 
eyes  rolled  at  the  ends  and  hung  on  scroll-irons. 

The  advantages  of  this  form  of  spring  are  the  great  space  pass 
through  and  quickness  of  adaptation  to  the  inequalities  of  the  ro 
in  consequence  of  the  deflection  of  the  end  shackles  caused  by  i 
deflection  of  the  spring,  and  consequent  elongation  between  the  cent 
of  eyes  of  shackles ;  also  the  rubbing  friction  at  ends  is  almost  entir 
obviated. 

The  disadvantages  are  first,  that  to  carry  a  given  load  a  mi 
greater  quantity  of  material  is  required,  as  from  the  circumstance  o 
great  portion  of  the.  space  between  the  sole-bar  and  the  axle-box  bei 
taken  up  by  the  scroll  irons  and  shackles  the  radius  of  the  curve  of  1 
spring  is  much  reduced,  and  a  thicker  spring  consequently  required 

Secondly,  the  tension  on  the  sole-bars  tending  to  hog  the  wagg 
frame,  being  the  reverse  of  the  action  of  the  ordinary  spring. 

Thirdly,  in  consequence  of  the  great  space  passed  through  by  1 
deflection  of  this  spring,  the  variations  of  the  load  will  consideral 
vary  the  height  of  the  buffers  from  the  rails. 

Fig.  4  represents  the  now  universal  Carriage  Bearing  Spri 
originally  introduced  by  Mr.  Wharton  on  the  London  and  No 
Western  Bailway,  as  the  result  of  repeated  practical  trials  and  impro 
ments ;  theory  would  probably  have  never  attained  a  similar  result 

The  spring  is  5  feet  3  inches  long,  3  inches  wide,  2^  inches  ihi 
and  consists  of  9  plates  ^j[  inches  thick ;  the  ends  of  the  plates  i 
what  is  technically  termed  long  spear-pointed. 

Fig.  4  represents  the  spring  when  loaded,  and  the  peculiar  caml 
before  fixing  is  made  by  setting  the  plates  entirely  at  the  centre,  instc 
of  the  plates  being  set  into  a  curve  throughout  their  whole  length 
m  other  springs.  In  fixing  this  spring  the  tension-brace  is  adjust 
between  scroll-irons,  with  intervening  compensating  shackles.  1 
tension-brace  is  3  inches  by  |  inch,  and  thickened  at  the  ends  to  f  inch 
Hie  spring  is  then  compressed  between  the  axle-box  and  the  brace. 

The  action  of  the  spring  and  brace  is  that  of  a  lever  spring  cq 
bined  with  a  tension-brace,  but  the  spring  is  so  thoroughly  overpowei 
by  the  leverage  of  the  brace  and  the  weight  of  the  load,  as  to  have  lit 
or  no  power  of  reaction  or  displacing  the  inertia  of  the  load,  beyond  t] 
of  reoovering  its  original  position,  thus  affording  the  well-known  amoo 
Hess  and  steadiness  of  action  of  this  construction  of  carriage  spring, 

The  braoe  is  acted  upon  piindpally  at  the  point  A,  but  neverthelt 
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26  RAILWAY   SPBINQS.  Jan.,  II 

guards  in  the  same  manner  as  previously  described  with  reference 
the  carriage  bearing  spring. 

Secondly,  that  the  top  links  permit  the  wheels,  axles,  and  slx 
boxes  to  traverse  laterally  in  passing  curves  and  other  impediment* 

Thirdly,  that  the  quick  adaptation  of  this  spring  to  lateral  a 
perpendicular  blows  preserves  the  intertia  of  the  body  almost  who 
from  displacement  at  moderate  speeds. 

The  disadvantages  are,  that  at  high  speeds  and  on  a  bad  road  i 
reaction  of  this  spring  ia  so  great  as  to  cause  a  rebound,  and  the  grac 
ally  increasing  momentum  from  each  successive  blow  occasions  vc 
considerable  oscillation. 

This  property  has  completely  negatived  its  use  for  4-whee] 
carriages ;  but  it  is  now  used  successfully  under  the  8-wheeled  carria^ 
on  the  North  Woolwich  branch,  and  there  works  to  considerable  j 
vantage,  permitting  the  wheels  to  adapt  themselves  freely  to  1 
curves  of  the  road.  The  oscillation  is  there  almost  wholly  obviat 
from  the  fact  that  the  blows  are  received  upon  eight  points,  and  tl 
the  reactive  power  of  a  blow  on  one  of  the  eight  points  is  not  su 
cient  to  disturb  the  inertia  of  a  load. 

The  spring  has  been  and  is  now  used  to  a  very  considerable  < 
tent  on  6-wheeled  carriages  in  Germany ;  but  it  is  to  be  observed  tl 
the  speed  on  the  Continent  ia  generally  slower  than  in  England. 

A  Spiral  Bearing  Spring  is  represented  in  Fig.  6,  Plate  4.  1 
dimensions  of  these  springs  as  used  under  the  tenders  of  the  Midla 
Railway  were  9  inches  height  and  6  inches  diameter,  and  they  w< 
made  of  J  inch  round  steel.  Within  this  coil  was  fixed  a  second  spiral 
smaller  diameter  coiled  the  reverse  way  to  prevent  the  coils  interf  eri 

The  action  of  a  spiral  spring  is  principally  torsion  of  the  si 
bar,  through  the  angle  A  C  B,  and  partly  lateral  deflection  from  1 
increase  of  diameter  when  the  spring  is  compressed. 

Practically  the  writer  is  not  well  acquainted  with  the  use  of  ih 
springs,  but  presumes  that  the  following  objections  have  been  found 
practice ;  the  spring  bears  upon  the  sole  bar  at  one  point,  viz.,  over  1 
centre  of  the  axle-box,  instead  of  at  two  points  some  3  feet  aps 
There  is  a  much  greater  uncertainty  in  the  degree  of  elasticity  g 
supporting  power  than  in  flat  springs  composed  of  many  pL 
from  the  greater  thickness  of  steel  causing  uncertainty  in  the 
and  from  the  greater  angular  strain  on  the  particles  of  the 
sudden  blows  experienced  by  railway  springs  requiring  th( 
of  the  steel  to  be  within  a  certain  limit,  say  of  J  inch  or  ^ 

Buffer  and  Draw  Springs,    The  ordinary  Laminated 
Draw  Spring  is  5  feet  4|  inches  long,  5^  inches  thick,  ai 
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28  RAILWAY   SPRINGS.  Jm.. 

In  the  opinion  of  the  writer  thia  is  the  least  effective  of  an] 
produced,  as  the  stroke  is  very  short,  and  then  only  moderately 
veloped  under  enormous  pressure.  It  is  questionable  whether  ir 
event  of  a  collision  the  train  would  not  collapse  and  leave  the  raili 
fore  the  immense  sustaining  power  of  these  springs  was  fully  deveh 

Tliis  buffer  has  an  apparent  stroke  of  about  3  inches;  h 
appears  that  to  drive  up  the  pair  of  buffers  1^  inch  would  requ 
force  of  3  tons. 

By  reference  to  the  description  of  the  ordinary  laminated  s] 
it  will  be  observed  that  the  stroke  is  1 2  inches  with  a  force  of  2 J 
being  8  times  the  length  of  stroke  with  a  rather  less  force. 

It  it  also  questionable  whether  the  vulcanised  india-rubber 
that  imperishable  natili'e  originally  supposed.  The  writer  has  ha 
his  possession  a  considerable  quantity  of  vulcanised  elastic  band 
papera  that  have  become  completely  rotten. 

Todd's  Cork  Buffer  Ls  as  nearly  as  possible  the  same  a^ 
Bergue*s,  excepting  that  the  packing  is  cork ;  there  are  6  plat 
cork  1\  inches  diameter  and  |  inch  thick. 

This  spring  appears  to  be  superior  to  De  Bergue*s  inasmuc 
the  cork  is  more  compressible  than  the  vulcanised  indiarrubber,  I 
is  questionable  whether  the  cork  is  not  liable  to  a  permanent  set, 

Adam's  Disk  Buffer  has  the  packing  consisting  of  16  disk  sp 
made  from  flat  circular  plates  of  steel  8  inches  diameter  and  \ 
thick,  with  a  radiating  piece  A  A  cut  out  to  enable  the  plates  t 
pressed  to  a  conical  fonn.     See  Fig.  8,  Plate  4. 

This  buffer  spring  is  superior  to  the  foregoing  inasmuch  ac 
total  amoimt  of  stroke  is  wholly  developed,  and  the  power  can  be 
perly  adjusted  by  the  thickness  of  the  plates;  the  total  lengt 
stroke  is  5^  inches. 

Webster's  Air  Buffer  exhibits  considerable  ingenuity,  but  is  i 
complicated  than  the  other  plans.  The  air  piston  is  6  inches 
meter,  and  the  leather  packing  is  distended  by  a  vulcai 
india-rubber  ring ;  the  length  of  stroke  is  4  inches. 

In  the  event  of  leakage  during  the  stroke,  the  piston  would 
return  to  its  original  position,  and  to  effect  this  a  small  spiral  spri: 
employed  which  drives  back  the  piston.  A  small  valve  admits  a 
the  time  that  the  piston  is  recoveiing  its  position  to  compen8at< 
leakage  during  the  stroke. 

Spiral  Buffer  and  Draw  Springs  are  used  to  some  extent, 
they  are  liable  to  the  same  objections  already  described  with  refer 
to  the  spiral  bearing  springs.  ^.g,.^^,  .^  GoOglc 
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Mr.  Adams  observed,  that  an  objection  tc 
pring  would  be  that  it  was  not  free  to  revoh 
he  single-coned  spring  whilst  it  was  being  co 
i  rested  on  the  large  base  of  the  cone  at  each  ec 
ronld  be  too  great  to  allow  of  its  rcToMng,  be 
pring  had  so  little  friction  at  the  small  end  tl 
f  revolTing  when  compressed.  The  strain  on  t 
Qcreased  if  a  spiral  spring  was  prevented  frt>i 
ompressed,  and  it  was  conseqnentlj  more  liat 

Mr.  MiDDLETON  did  not  understand  that 
or  the  spiral  spring  to  revcdve  when  compress 

Mr.  CowPBR  observed  that  he  agreed  i 
nade  bj  Mr.  Adams ;  the  spiral  would  neces: 
ertain  extent  when  compressed  unless  preve 
truction,  because  the  length  of  each  coil  of  th( 
^eater  than  the  circumference  of  the  circle. 

Mr.  Hodge  remarked,  that  the  double-c 
lot  a  new  invention ;  and  Mr.  Middleton  repli 
laim  the  invention  of  the  spring,  but  he  c 
pplication  to  the  purpose  suggested  was  entir 

Mr.  Fuller  wished  to  state  (for  Mr. 
absence),  with  respect  to  the  vulcanised  indi 
prings,  that  upwards  of  100,000  of  the  rings 
,nd  many  of  them  had  been  in  use  for  two  or  i 
ar  as  he  had  ascertained  the  cases  of  failure  '. 
ndeed.  In  some  cases  where  the  material  1 
rearing  springs  it  had  failed  in  consequence 
ufficient  amount  of  bearing  surface,  but  in 
suffer  springs  he  was  not  aware  of  any  instanc 
Qg  in  a  few  cases  where  the  rings  had  been  o 

Mr.  Adams  replied,  that  he  had  not  had 
he  durability  of  the  vulcanised  india-rubber 
ind  he  had  therefore  only  stated  the  circum 
[uainted  with  of  the  bands  for  papers. 

The  Chairman  thought  it  would  be  bettc 
sussion  upon  the  paper  until  the  members 
vith  a  copy  in  the  proceedings  of  the  raeetin< 
hen  be  better  enabled  to  bring  such  facts  and 
lad  to  bear  upon  the  subject.     He  thought  th 
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17;  the  description  of  the  valves  and  mode  of  working  them  are  t 
same  as  in  the  Forge  and  Mill  Engines ;  most  of  them  work  witi 
parallel  motion  at  each  end  of  the  beam,  one  for  the  Steam  and  t 
other  for  the  Blast  Cylinder,  and  a  few  of  them  are  Crank  Engii 
with  the  Blast  Cylinder  placed  directly  under  the  Steam  Cylinder. 

Figure  45  (see  Plate  6)  is  from  a  Crank  Engine  for  drivi 
machinery  in  London,  the  cylinder  is  30  inches  diameter  and  2  ft 
6  inch  stroke,  and  working  36  strokes  per  minute  with  double-b< 
valves,  and  cutting  off  the  steam  at  -^  of  the  stroke  from  the  co 
mencement. 

Figures  46  and  47  (see  Plate  6)  are  from  a  pair  of  Blast  Engii 
in  this  District  working  coupled  together,  the  cylinders  are  42  inches  d 
meter,  length  of  stroke  8  feet  3  inches  and  making  14  double  strol 
per  minute ;  they  are  both  fitted  with  double-beat  valves.  In  Figure 
the  valves  are  worked  by  wheel- work  from  the  crank  shaft,  and  cutti 
off  the  steam  at  J  of  the  stroke ;  in  Fig.  46  they  are  worked  by 
eccentric  motion,  and  the  steam  is  cut  off  by  a  separate  valve  placed 
the  steam  pipe,  and  from  the  circiunstances  of  that  valve  being  fartl 
away  from  the  steam  port  it  will  be  seen  that  a  different  form  is  gi^ 
to  the  line  of  expansion,  and  an  inferior  effect  is  produced. 

Figure  48  is  from  a  Mill  Engine  in  this  Dbtrict  with  36  in 
cylinder  and  7  feet  2  inch  stroke,  making  17  double  strokes  per  minui 
this  Engine  was  recently  altered  from  low  pressure  and  fitted  w 
expansive  gear  cutting  off  the  steam  at  ^  of  the  stroke  from  the  oo 
mencement 

From  Figures  1  to  27,  Forge  and  Mill  Engines,  the  gene 
character  of  the  Diagrams  shows  a  considerable  pressure  of  stes 
throughout  the  whole  length  of  the  stroke,  averaging  about  12  lbs.  up 
the  square  inch  above  the  atmospheric  line,  and  reaching  only  from  7 
11  lbs.  at  the  end  of  the  stroke,  the  average  vacuum  being  aboui 
lbs.  on  the  square  inch  below  the  atmosphere  throughout  the  strok* 

In  the  second  set,  Nos.  28  to  44,  Blast  Engines,  the  grea 
number  are  similar  to  the  preceding,  the  steam  pressure  being  o 
tinned  nearly  uniform  to  the  end  of  the  stroke,  averaging  about  7  1 
to  the  square  inch,  and  an  equally  defective  vacuum,  commencing 
the  atmospheric  line  and  reaching  from  7  to  10  lbs.  at  the  end  of  1 
stroke,  the  average  vacuum  being  about  7  lbs.  per  inch  below  i 
atmosphere  throughout  the  stroke. 

Several  of  the  remaining  Diagrams  of  this  class  show  consideral 
expansive  action  but  not  a  good  vacuum,  which  is  strikingly  visible 
putting  them  in  contrast  with  Nos.  46  and  47>  which  show  mt 
better  effect  in  their  expansive  and  condensing  operations  combinei 
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was  2  feet  4.  inclies  diameter  and  4  feet  6  inches  high ;  the  educt 
pipe  was  then  removed  and  replaced  by  one  12  inches  diameter,  als 
large  vessel  was  fixed  on  the  top  of  the  condenser  which  increased 
capacity  about  one-third ;  the  lift  of  the  valves  was  then  inc 
from  1^  inch  to  2|  inches,  and  the  result  of  the  alteration  is 
in  the  Diagram  17  A.,  which  shows  an  improvement  in  the  a 
vacuum  of  from  1*50  lbs.  to  7*97  lbs.,  or  647  lbs.  per  squari 
increase  of  pressure  throughout  the  stroke.  • 

The  saving  of  fuel  from  these  alterations  has  not  beei 
ascertained,  as  the  Enginels  in  both  cases  are  worked  from  a  se 
boilers  which  also  supply  steam  to  other  Engines  upon  which  th 
is  very  unequal ;  but  it  is  admitted  to  be  very  considerable,  s 
the  case  of  No.  17  the  parties  have  been  enabled  to  use  an  ii 
description  of  slack,  and  also  to  throw  off  one  boiler  having 
grate  about  7  feet  square  and  45  square  yards  of  heating  si 
without  any  dimunition  in  the  power  employed 

The  aggregate  power  of  the  45  Mill,  Forge,  and  Blast  E 
shewn  in  the  Diagrams  is  nominally  3240  Horse  power,  accord 
Boulton  and  Watt's  proportions  of  the  cylinders,  but  by  the  calci] 
of  the  Indicator  Diagrams,  the  total  is  781 9  Horse  power.   The  a^ 
vacuum  obtain  in  the  present  working  of  all  these  Engines  ia 
6  lbs.  per  inch  below  the  atmosphere  throughout  the  stroke,  on 
from  the  average  Nos.  5,  6,  35,  and  37,  which  are  exceptions 
general  run  of  these  Engines ;  and  the  average  vacuum  obtained 
6  Expansive  Engines   is  lOj^   lbs.  per  inch  below  the  atmos 
throughout  the  stroke.    The  loss  of  power  from  the  imperfect  vj 
in  the  former  Engines  may  therefore  be  taken  at  the  difference  betwc 
these  pressures,  or  4^  lbs.  per  square  inch  pressure  throughout  the  strol 
which  amoimts  to  1930  indicated  Horse  power  upon  these  45  Engin 
or  in  other  words,  an  additional  power  of  1930  Horse  power,  or  25  ] 
cent,  increased  power  might  be  obtained  from  the  same  expenditure 
Steam  and  consequently  of  Fuel,  if  the  vacuum  were  improved  so  aa 
be  as  good  as  the  average  of  the  6  Expansive  Engines,  or  10^  " 
inch  throughout  the  stroke.     This  vacuum  has  been  nearly  o 
in  both  the  Engines  Nos.  12  and  17,  which  have  been  altered  ai 
described,  and  in  these  Engines  the  alteration  was  carried  out  o 
limited  extent  and  at  a  comparatively  trifling  expense ;  but  to 
out  efficiently  by  attaching  Expansive  gear  in  addition  to  what  h 
done,  a  much  better  effect  would  be  obtained  by  using  the  same 
of  Steam  expansively.     In  Diagram  No.  45  the  steam  is  cu 
^  of  the  stroke,  and  the  vacuum  averages  1 1  '80  lbs.  per  inch 
of  10^  lbs.  per  inch,  the  average  of  the  6  Engines  taken  abov< 
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CONDENSATION  OF  STEAIL 


No.  in.  ft. 

10  Forge  Engine    42  Cylinder  8 


11  Ditto    ditto  46 

12  Mill  Engine  42 

13  Ditto    ditto  42 

14  Forge  and  Mill  Engine...  43 

15  Foi^  Engine     36 

16  MiU  and  Foige  Engine...  34 

17  Ditto  ditto  ...  42 

18  Forge  Engine    42 

19  Ditto     ditto      36 

20  Mill  Engine  36 

21  Foige  ditto    29 

22  MiU     ditto    40 

23  Ditto  ditto    42 

24  Forge  ditto    40 

25  Mill     ditto    36 

26  Forge  ditto    33 

27  Mill     ditto    40 

28  Blast  Engine 42 


29  Ditto 

30  Ditto 

31  Ditto 

32  Ditto 

33  Ditto 

34  Ditto 

35  Ditto 

36  Ditto 

37  Ditto 
88  Ditto 

39  Ditto 

40  Ditto 

41  Ditto 

42  Ditto 

43  Ditto 

44  Ditto 


ditto 
ditto 
ditto 
ditto 
ditto 
ditto 
ditto 
ditto 
ditto 
ditto 
ditto 
ditto 
ditto 
ditto 
ditto 
ditto 


45  Factory  Engine . 


46  Blast 

47  Ditto 

48  Mill 

49  Ditto 

50  Factory 

51  Ditto 


ditto 
ditto 
ditto 
ditto 
ditto 
diHp 


36 

36 

46| 

32 

44 

44 

45 

56 

51 

59 

32 

46i 

48 

35| 

24 

42 

30 

42 

42 

36 

42 

36 

36 


\ 


In. 

0  E 
4 

0 
10 
5 
5 
6 
6 
6 
0 
0 
0 
0 
0 
0 
6 
6 
0 
6 
0 
0 
0 
6 
0 
0 
0 
0 
0 
6 
0 
0 
0 
0 
0 
0 
6 
S 
8 
2 
0 
0 
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INSTITUTIO^^  OF  MECHANICAL  EN'GINEEl 


REPORT  OF  THE  COUNCIL, 

THIRD   ANNUAL   MEETING,    23bd,   JANUARY,    186C 


The  Council  have  great  satisfaction  in  congratulating 
Members  at  this  Third  Annual  Meeting,  on  the  steady  prog 
of  the  Institution,  and  its  increasing  efficiency  in  accomplish 
the  objects  intended. 

The  number  of  Members  has  increased  to  201  during 
last  year,  18  of  whom  are  Honorary  Members. 

The  Financial  Statement  of  the  affairs  of  the  Institution 
the  year  ending  31st  December,  1849,  shows  a  Balance  in 
Treasurer's  hands  of  £195  11«.  3d.,  after  the  payment  of 
accounts  for  the  year  1849,  and  this  Balance  has  been  increa 
to  £216  lis.  3d.  by  the  receipt  since  31st  December  of  so 
subscriptions  due  for  the  year  1849. 

The  Council  have  been  particularly  careful  to  exerc 
economy  in  the  affairs  of  the  Institution,  and  to  avoid  aU  ezp 
diture  not  advantageous  or  necessary.  A  considerable  sum  1 
been  invested  for  the  benefit  of  the  Members  in  Mechani 
Engravings,  which  have  been  supplied  to  the  Members,  and  t 
arrangement  appears  to  have  met  with  their  decided  approv 
and  there  are  still  a  number  of  copies  on  hand,  for  sale  to  th( 
Members  or  their  friends  who  may  wish  to  procure  copies 
these  excellent  engravings. 

The  Finance  Committee  have  examined  and  checked  all  i 
receipts  and  payments  of  the  Institution  for  the  year  1849,  a 
have  reported  that  the  following  Balance  Sheet  rendered  by  i 
Treasurer  is  correct. 
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ION     OF    MECHANICAL    ENGINEERS. 

BALANCE    SHEET, 

■  the  year  ending  Zlst  December,  1849. 

£     s.  d,                     c^.               .  £     f. 
By  StatioDeiy  and  Priniing 

&c  80  18 

0    0      —  Office  Furmtora  1    8 

—  Petty  DiBbanementfl  and 
0    0             Office  Expenses 14  16 

—  Travelling  Expenses    ...  6    9 
0    0      —Reporting 16  18 

—  ParoeU  18  10 

5    0    0      —Postages 24    2 

—  Hire  of  Rooms  for  Meet- 

8    0    0  ings 4    4 

8    8    0      —Lithographing 815  10 

-Salaries 805  17 

—  Rent  of  Office  45    0 

1    8    6      —Balance 195  11 


om  Gold 

garrean 

18 

XMn    158 

for  1849  459 

lom    22 

for  1849  110 

1     Peter 

advaDoe 

ipbs. 

kibscrip- 


Let  Deo- 


424    4    1 


£1024    0    7 


£1024    0 


(Signed)       E.  A.  Cowfbb. 
Wm.  Buoklb. 


il  haye  ihe  pleasure  of  annoancing  that  the  £ 
lare  been  presented  to  the  Institution  during  t 


the  Oommissionfor  Inquiring  into  the  Applicati 

m  to  Railway  Structures,  from  the  Commissione 

Igkinson  on  the  Strength  of  Cast  Iron,  from  1 

or. 

I  Railway  Wheels,  from  the  Author. 

iie  Aneroid  Barometer,  from  the  Author. 

i  Indian  Biver  Navigation,  from  the  Author. 

ical  Mechanic's  Journal,  from  the  Editor. 

uuc's  Magazine,  from  the  Editor. 

Engineer  and  Architect's  Journal,  from  the  Edit 

in,  from  the  Editor. 

it  Journal,  from  the  Editor. 

ictionarj  of  Engineering  Terms,  from  the  Edit 
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The  following  Papers  have  been  laid  before  iihe  Instttnt 
and  discussed  at  the  Meetings  during  the  past  year. 

On  a  Station  Buffer by  Mr.  C.  D.  Bergue 

—  Improved  Railway  Chairs  &  Switches  Mr,  W,  Bainen. 

—  The  Construction  of  Permanent  Way  Mr.  J.  W.  Hoby. 

—  A  Solid  Wrought-Iron  Wheel  Mr.  H.  Smith. 

—  Railway  Axles Mr.  J.  E.McConn 

—  The  Economy  of  Railway  Transit ...  Mr.  J.  Samuel. 

—  An  Express  Engine Mr.  W.  Weallens. 

—  An  Improved  Locomotive  Boiler   ...  Mr.  J.  Ramsbotton 

—  The  Expansion  of  Steam    Mr.  W*  Faitiairn 

—  A  Patent  Starting  Apparatus Mr.  J.  Hick. 

—  An  Engine  Counter    Mr.  J.  Richmond. 

—  Nasmyth's  Patent  Girders Mr,  S.  Lloyd. 

—  A  Pneumatic  Lift  Mr,  B.  Gibbons. 

—  The  Ventilation  of  Wallsend  Colliery  Mr.  D.  Bum. 

The  Council  wish  particularly  to  draw  the  attention  of 
Members  to  the  List  of  Proposed  Subjects  for  Papers,  whid 
appended  to  this  Report ;  this  List  has  been  sent  to  them  a 
former  occasion,  and  the  Council  hope  that  every  Member  ^ 
choose  some  one  or  more  subjects  on  which  he  will  prepai 
communication  in  the  ensuing  year ;  they  also  earnestly  reqc 
that  each  Member  will  afford  all  the  assistance  in  his  powei 
advancing  the  objects  and  increasing  the  utility  of  the  Institut 
by  forwarding  the  results  of  Experiments,  and  of  the  practi 
working  of  old  and  new  Machinery,  Engines,  kc,  Ac.,  so  a£ 
render  the  Listitution  a  complete  place  of  reference  for 
Members  on  any  Mechanical  subject 

The  number  of  Papers  and  Communications  received  fr 
the  Members  has  not  been  such  as  to  occasion  the  propo 
additional  Meetings  in  London  and  Manchester  during  the  p 
year. 

The  Officers  of  the  Institution  and  Five  of  the  Membert 
Council  go  out  of  office  this  day  according  to  the  Rules,  an( 
ballot  will  be  taken  at  the  present  meeting  for  the  eleotion 
Officers  for  the  ensuing  year. 


Digitized  by 


Google 


Digitized  by 


Google 


42  SUBJECTS  FOB  PAPERS.  Jan.,l^ 

Saw  Millb,  pftrticuUn  of  construction— mode  of  driving— power  employed — p 

ticulan  of  work  done — best  speeds  for  yertioal  and  circular  saws — ^form  of  i 

teeth. 
Oil  Mills,  facts  relating  to  the  construction  and  working. 
Cotton  Mills,  information  respecting  the  construction  and  arrangement  of 

machinery — power  employed,  and  application  of  power — cotton  presses,  m( 

of  construction  and  working,  power  employed. 
HoLLUio  Mills,  improvements  in  machinery  for  making  iron  and  steel — ^mode 

applying  power — steam  hammers — piling  of  iron— plates — fancy  sections. 
Stamfino  and  Coining  Maohineby,  particulars  of  improvements,  &c. 
Paper  Making  and  Paper  Cutting  Machines,  ditto  ditto 

Printing  Machines,  '  ditto  ditto 

Calico  Printing  Machinery,  ditto  ditto 

Water  Pumps,  facts  relating  to  the  best  construction,  means  of  working,  i 

application — best  forms — velocity  of  piston. 
Air  Pumps,  ditto  ditto  ditto 

HvDRAULio  Presses,  facts  relating  to  the  best  construction,  means  of  working,  j 

application. 
Fire  Engines,  ditto  ditto  ditto 

Sluices,  ditto  ditto  ditto 

Cranes,  ditto  ditto  ditto 

Lifts  for  raising  Trucks,  &q,      ditto  ditto  ditto 

Blowing  Fans,  particulars  of  the  best  construction,  and  results  of  ezperimenta 
Lathes,  Planing,  Boring,  and  Slotting  Machines,  &c.,  particulars  of  imprc 

ments — description  of  new  self-acting  tools. 
Toothed  Wheels,  best  construction  and  form  of  teeth — results  of  working. 
Driving  Belts  and  Straps,  best  make  and  material,  leather,  rope,  gutta  pert 

&c. — comparative  durability  and  results  of  working — ^power  communicated 

certain  sizes. 
Strength  of  Materials — facts  relating  to  experiments  on  ditto,  and  gen 

details  of  the  proof  of  girders,  &c, — girders  of  cast  and  wrought  iron,  part 

lars  of  different  constructions,  and  experiments  on  them — best  forins 

proportions  of  girders — ^best  mixtures  of  metal. 
DuRABiLriY  OF  TiMBXB  of  various  kinds — ^best  plans  for  seasoning  timber 

cordage — results  of  Eyan's,  Payne's,  and  Burnett's  processes — oompan 

durability  of  timber  in  different  situations. 
CoRBOsiON  OF  Metals  by  salt  and  fresh  water,  and  by  the  atmosphere,  Ao, — i 

relating  to  corrosion,  and  best  means  of  prevention. 
Alloys  of  Metals — facts  relating  to  different  alloys. 
FmoTioN  OF  VARIOUS  BoDiEs — ^facts  relating  to  friction  under  ordinary  circ 

stances — friction  of  iron,  brass,  copper,  tin,  wood,  &o. — proportion  of  we 

to  rubbing  surface — best  forms  of  journals,  &c — ^lubrication,  best  matei 

and  means  of  application,  and  results  of  practical   trials— best   plans 

oU  tests. 
Iron  Roofs,  particulars  of  construction  for  different  purposes— durability  in  vai 

climates  and  situations — comparative  cost,  weight  and  dnrabQity — roofs 

slips  of  cast-iron,  wrought-iron,  timber,  Ac.,  best  construction,  form, 

material. 
Fimb-Pboof  Builddtos,  particulars  of  construction— most  efficient  plaa— ^rei 

of  trials. 
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44  SUBJECTS  FOR  PAPERS. 

The  Council  invite  communications  from  the  Members  and  thei 
the  preceding  subjects,  and  on  any  engineering  subjects  that  will  be 
interesting  to  the  Institution ;  also  presentations  of  engineering  drawii 
and  books  for  the  library  of  the  Institution. 

The  communications  should  be  written  on  foolscap  paper,  on  one 
each  page,  leaving  a  dear  margin  on  the  left  side  for  binding ;  and  the 
written  in  the  third  person.  The  drawings  illustrating  the  communica 
be  on  so  large  a  scale,  as  to  be  clearly  visible  to  the  meeting  at  the  tim 
the  communication,  or  enlarged  diagrams  should  be  sent  for  the  illustn 
particular  portions. 
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BIRMINGHAM: 
M.  Biu.rNu,  Printkr,  74,  75,  and  76,  Nkwhall 
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PROCEEDINGS. 

April  24,  1850. 

General  Meeting  of  the  Members  was  held  in 

of  the  Philosophical  Institution,  Cannon  Street, 

a,  on  Wednesday,  the  24th  of  April,  1850  ;  Robert 

^,  Esq.,  M.P.,  President  of  the  Institution,  in  the 

lies  of  the  last  General  Meeting  were  read  bj  the 
uxd  confirmed. 

JRMAH  then  said  the  adjourned  discussion  on 
des  and  the  fracture  of  iron  would  be  opened  by 
w  additional  observations  by  Mr.  J.  E.  McOonnbll, 

:  DETERIORATION  OF  RAILWAY  AXLES. 

the  discussion  on  Railway  Axles,  adjourned  from 
eting,  it  will  be  only  requisite  to  refer  to  the  former 
have  been  laid  before  the  Institution  on  the  form  of 
beir  deterioration  from  work. 

igards  the  proper  form  for  a  Railway  Axle,  the  pro- 
shown  in  which  the  diameter  of  the  Axle  should  be 
1  the  back  of  each  wheel  towards  the  centre,  so  as  to 
aal  strength  throughout  the  length  of  the  Axle,  to  resist 
or  blows  to  which  it  is  subjected.  This  was  tested  in 
it  ways,  in  the  one  case  by  a  steadily  increasing  pres- 
i  the  other  by  the  blow  of  a  weight  of  17  cwt.  falling 
lie  force   in   both   cases  being  applied  at  the  same 
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4  RAIL  WAT   AXLES.  Apl  IC 

point — namely,  at  the  outer  end  of  one  wheel  whilst  the  opposi 
wheel  was  fixed.  The  result  given  by  these  tests  was,  that  t 
Axle,  when  shaped  in  the  proportion  ascertained  by  previo 
calculation  and  experiment,  was  bent  into  a  nearly  unifoi 
curve,  showing  that  the  object  of  obtaining  an  equally  prop 
tioned  strength  was  practically  accomplished.  It  may 
observed  also,  that  the  general  experience  of  practical  Engine< 
engaged  in  the  management  of  Railway  Rolling  Stock  vp^ 
to  confirm  this  principle. 

2nd.  As  to  the  deterioration  that  takes  place  in  Axles,  and  t 
change  in  structure  caused  by  the  course  of  working,  sevei 
cases  were  instanced,  and  specimens  were  laid  before  the  In£ 
tution  of  broken  Railway  Axles,  showing  the  ciystalline  appei 
ance  of  the  fracture.  The  writer  considered  that  a  change  v 
produced  from  a  fibrous  to  a  crystalline  structure  by  the  effei 
of  the  concussion  or  jarring  that  the  Axles  are  subjected 
whilst  running  on  the  Railway ;  and  it  appears  to  be  genera 
considered  that  such  change  takes  place  to  a  greater  or  1( 
extent  according  to  the  circumstances,  both  in  Railway  Ax 
and  in  many  other  cases  where  iron  is  exposed  to  concussicm 
jarring,  though  there  may  be  a  difference  of  opinion  as  to  t 
cause  of  the  change.  Another  striking  instance  of  the  conveisi 
of  tough  wrought  iron  into  a  brittle  material  is  shown  in  i 
chain  slings  used  for  carrying  the  bars  dur^ig  the  process  of  ha 
mering  at  a  forge  :  the  writer  lately  had  an  opportunity  of  obsei 
ing  a  chain  which  hsul  been  in  use  for  this  purpose,  and  h 
become  so  extremely  brittle,  that  it  was  more  like  glass  in 
texture  than  the  tough  strong  iron  which  it  had  been  when  fij 
made,  and  he  was  satisfied  that  it  Had  only  been  subjected 
this  extreme  jarring  action  for  a  few  months,  and  had  not  be 
otherwise  employed.  And  further,  it  may  be  mentioned  as 
circumstance  of  common  occurrence  that  the  porter-bars  that  s 
attached  to  the  blooms  whilst  under  the  foige  hammer,  becai 
so  brittle  with  the  constant  violent  jarring  to  which  they  a 
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it  they  break  in  two  after  a  very  mod 
these  instances  there  appears  to  have  1 
Dg  or  concussion  to  produce  the  chang< 
1  to  little  strain  in  proportion  to  its  s 
f  be  observed  of  several  of  the  instanc 
le  of  which  the  wrought  iron  arms  oj 
loose  in  the  cast-iron  rim,  and  broke  o: 
d  and  continued  violent  shocks  caused 
helve,  although  the  iron  was  of  the 
nally. 

f  Axles  there  can  be  no  doubt  that  th< 
'  concussion  is  in  force,  and  may  produc 
on  the  strength  of  the  iron;  and  thai 
^heel  where  tiie  effect  of  the  jarring  is 
sensibly  changed.  The  action  of  bend 
xis  and  forwards  wiU,  doubtless,  result  i 
est  point,  if  it  be  carried  on  long  en< 
»sary,  therefore,  with  a  given  weight  o 
>roportion  the  strength  at  every  i)oint  c 
J  be  capable  of  resisting  the  breaking 
Jie  strength  being  proportioned  so  as  ^ 
nrmly  as  possible  at  every  point. 
x>portioned  Axle,  which  was  comparative 
B,  would  be  more  affected,  both  by  the 
B  at  that  point  where  the  Axle  is  hel 
nrheel,  which  is  a  mass  acting  as  an  an^ 
tendency  to  break  at  that  point  hav 
vated  by  the  obsolete  practice  of  the  A 
der  of  considerable  size  at  the  boss  o 
be  present  usual  plan  of  making  the  1 
the  diameter  of  the  Axle  at  that  part  foi 
tap^  coimtersunk  into  the  wheel, 
umsly,  very  desirable  that  erery  opporl 
those  who  are  practically  engaged  in  th 
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Railways  to  investigate  the  facts  connected  with  the  failures  c 
Axles  in  process  of  working,  as  detached  experiments,  howeve 
carefully  and  impartially  conducted,  cannot  faithfully  represec 
or  afford  results  corresponding  to  the  effects  of  the  various  strain 
and  forces  to  which  Axles  are  subjected  whilst  working  on 
Railway. 


The  Chairman  observed,  that  at  the  first  discassion  oi 
this  subject  he  took  the  liberty  of  drawing  the  attention  of  thi 
members  to  the  extreme  care  that  was  necessary  in  coming  U 
any  conclusion  as  to  a  molecular  change  in  the  constitution  o 
wrought  iron.  He  thought  that  there  were  a  number  of  fact 
and  statements  on  record  which  appeared  to  render  i 
extremely  probable  that  some  change  did  take  place  in  iron 
These  proofs  were  now  multiplied  in  number,  but  he  though 
were  not  much  increased  in  pointedness,  if  he  excepted  tb 
experiment  with  the  chain,  which  was  the  most  striking  an< 
marked  instance  of  which  he  had  yet  heard.  Hence  thej 
must  conceive  that  a  change  takes  place  in  iron  if  subject  t< 
vibration ;  but  an  investigation  into  the  precise  cause  of  thi 
change  would  require  more  time  and  care  than  could  w 
present  be  devoted  to  it.  He  might  remark,  that  since  theii 
last  meeting  he  had  turned  his  attention  to  ascertain,  i: 
possible,  whether  any  real  difference  exists  in  the  moleculai 
arrangement  of  the  material  or  structure  of  a  piece  of  iror 
called  cr}'^stalline,  and  a  piece  of  iron  called  fibrous  ;  and  foi 
this  purpose  he  had  examined  them  under  a  powerful  micro- 
scope, and  it  would,  probably,  surprise  the  members  to  knovi 
that  no  real  difference  could  be  perceived,  and  that  if  he  had 
not  previously  seen  with  the  naked  eye  the  specimens  called 
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kind  of  crystalline  structure  to  another,  which  tras  next  to  a 
impossibility.  He  could  imagine  a  number  of  particles  und^ 
the  influence  of  vibration  jostling  the  mass  into  particuh 
forms,  and  become  fibrous ;  yet,  when  they  examined  mo 
fibrous  iron,  they  would  find  it  already  crystalline,  whic 
involved  the  necessity  of  the  molecules  leaving  one  form  i 
crystal  and  taking  another.  It  would  be  well  for  the  men 
bers  to  commimicate  to  the  Institution  any  well-authenticate 
facts  of  crystallization  of  iron,  because  nothing  could  have  t 
important  a  bearing  on  the  structure  of  Railway  Axles  as  tl 
means  of  tracing  fractures  to  their  real  cause.  Perhaps  j 
their  next  meeting  he  might  have  the  pleasure  of  exhibitin 
to  the  members  certain  microscopic  results,  but  as  yet  he  ha 
not  given  the  subject  sufficient  consideration  to  justify  him  i 
doing  so. 

Mr.  Adams  thought  that  the  appearance  called  crystallii 
was  caused  by  nothing  more  or  less  than  a  bundle  of  fibre 
consisting  of  many  small  crystals  being  sheared  off*  squar 
forming  one  face. 

Mr.  H.  SMrrn  inquired  whether  the  Chairman  thougl 
there  was  any  difference  of  strength  produced.  If  they  toe 
the  case  of  the  common  gag  to  the  helve,  or  the  prop  thi 
was  placed  under  it,  they  found  it  became  crystalline  in  tl 
course  of  time  and  very  brittle,  though  quite  fibrous  at  fira 
So  also  in  the  case  of  the  chains  on  inclined  planes,  the 
broke  very  soon.  He  should  like  to  know  whether  crystalUzc 
iron  was  not  weaker  than  fibrous. 

Mr.  McConnkll  thought  it  was  so.     Whenever  iron  wj 
subjected  to  a  jar,  the  fracture  was  square  across,  and 
seemed  as  if  the  whole  structure  of  the  iron  became  britti 
like  glass.      For  in  the  instance  he  had  mentioned  of  th 
chain  sling,  the  iron  was  so  brittle  that  a  small  tap  of  a  hammc 
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would  have  broken  it ;  hence,  it  muBt  be  obvious  that  what- 
ever might  be  said  as  to  the  relative  strength  of  fibrous  and 
ciyrttlline  iron  there  was  a  striking  difference  between  tough 
and  brittle.  He  spoke  then  guardedly,  because,  from  what 
he  had  seen  of  the  appearance  of  iron  under  the  microscope, 
he  was  induced  to  think  that  the  word  fibrous,  which  thej 
had  hiUierto  applied  to  the  structure  of  iron,  was  a  misnomer, 
if  applied  in  the  ordinary  English  acceptation  of  the  term. 
That  however  an  alteration  did  take  place  in  the  quality  or 
condition  of  iron  was  manifest,  from  a  great  abundance  of 
eridence ;  and  he  thought  it  would  be  a  decided  improve- 
ment if  they  adopted  some  other  word  which  would  express 
the  same  quality  or  condition  of  iron  in  its  tough  state  :  yet 
it  was  clear  that  a  change  did  take  place,  making  that  which 
was  originally  tough  quite  brittle.  The  effect  on  a  Railway 
Axle  had  been  already  explained  by  the  instance  of  a  string 
in  ribration«  When  the  axle  was  at  work  a  node  was  created 
si  the  hack  of  the  wheel  at  each  end,  and  it  would  be  found 
that  although  it  broke  off  short  at  the  back  of  the  wheel,  yet 
in  the  centre  it  remained  quite  tough,  as  if  the  vibratory 
wave  had  passed  freely  through  it  He  should  be  glad  to 
Bee  the  matter  further  investigated,  as  the  subject  was  one  of 
great  importance,  and  at  some  future  meeting  he  hoped  to  be 
prepaTed  with  some  further  information  on  the  subject. 

The  Chaibman  remarked,  that  the  question  of  compara- 
tive strength  was  one  of  great  importance ;  but  it  must  be 
borne  in  mind  that  there  was  great  difference  between  the 
two  strains  of  pressure  and  percussion;  and  he  doubted 
whether  highly  crystalline  iron  was  much  weaker  than  iron 
which  was  highly  fibrous.  In  the  course  of  the  building  of 
the  Britannia  Tubular  Bridge,  his  attention  was  called  by  his 
tsiistant  Mb.  Ciabk,  to  a  series  of  bad  plates  which  had 
heen  delivered.     Instead  of  being  fibrous  boiler  plates,  they 

B 
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were  short  grained  and  brittle  ;    and   this,  in   so  large 

structure,  was   regarded   as   a  serious  objection  to  then 

accordingly  it  was  decided  to  remove  them  from  the  botto 

of  the  beam  or  tube  to  the  top,  as  in  that  situation  tb< 

would  be  subject  to  compression  instead  of  tension.     He  (tl 

Chairman)  thought  it  right  to  test  the  tensile  strength 

those  plates,  and  accordingly  they  had  slips  cut  from  tl 

respective  plates,  and  very  mu^  to  their  surprise  the  crysta 

line  plates  were  much  the  strongest ;  for  the  average  strengi 

of  the  fibrous  plates  was  18  tons  to  the  square  inch,  and  i 

a  great  many  instances  it  ranged  as  low  as  16  tons,  whilst  tl 

crystalline  plates  averaged  a  strength  of  21   tons,   thong 

they  could  hardly  punch  the  holes  in  them,  which  was  a  goo 

test  as  to  the  quality  of  the  plates.     Hence  they  came  to  tl 

conclusion,  that  what  is  called  crystalline  iron  is  capable  of 

greater  or  at  least  as  great  a  steady  tensile  strain  as  fibroi 

iron,  and  that  it  does  not  appear  less  suitable  than  fibroi 

iron  for  an  erection  of  the  character  in  which  they  wei 

engaged.     At  the  same  time  he  thought  it  would  have  bee 

objectionable  to  have  put  the  crystalline  plates  at  the  bottoi 

of  the  tube,  because  the  trains^  were  producing  continns 

vibration ;  and  the  two  strains — the  one  under  vibration,  an 

the  other  under  steady  weight — were  very  difierent  in  thei 

character,  and  in  their  efiect  on  iron.     The  mode  of  testin 

the  plates  at  the  bridge  was  by  a  very  direct  means,  an 

therefore  the  results  might  be  relied  on  with  great  confidence 

They  were  tested  by  actual  weights  suspended  direct  from  th 

plates  themselves,  and  the   strain  was  not  put  on  by  an 

machine,  such  as  the  hydraulic  press,  or  by  levers,  where  th 

fulcrum  was  liable  to  alter  a  little,  causing  a  material  differ 

ence  in  the  leverage  ;  and  there  was  a  considerable  amouii 

of  friction  to  interfere  with  the  correct  result.     This  wouli 

account  in  some  measure  for  the  great  discrepancy  whid 
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prevailed  in  the  results  of  former  experiments  with  reference 
to  the  strength  of  iron  during  the  last  twenty  years.  Some 
Itad  thought  that  the  ultimate  strength  was  24  tons  per  square 
inch,  bat  he  was  satisfied  that  in  no  well-conducted  experi- 
ment would  it  be  found  to  exceed  21  tons  ;  and  he  felt  that 
they  could  not  safely  rely  upon  a  greater  strength  than  16  or 
18  tons  for  practical  purposes. 

Mb.  Slate  enquired  whether,  when  the  Chaibman  spoke 
of  16  or  18  tons  being  the  ultimate  limit  of  elasticity,  he 
meant  would  it  fracture  at  that  point 

The  Chaibman  believed  that  fracture  took  place  in  every 
instance. 

Mr.  Slate  said,  he  had,  with  some  others,  made  some 
experiments  on  the  strength  of  iron  bars,  and  bad  minutely 
tested  their  elastic  power.  The  result  he  had  arrived  at  was 
that  afler  the  elastic  point  was  once  passed,  time  became  a 
mo6t  important  element  in  the  fracture,  and  the  breaking 
point  would  depend  upon  the  rapidity  with  which  the  weight 
was  put  on.  In  some  bars  of  the  best  quality  of  iron,  9  inches 
by  1  inch,  the  ultimate  strength  was  17^  tons  per  inch,  but 
the  permanent  stretching  began  at  about  8  tons  per  inch,  and 
if  that  strain  had  been  long  enough  continued,  he  considered 
the  bar  would  have  broken  with  it. 

Hie  Chaibman  observed,  that  according  to  the  experi- 
ments made  by  Pbofsssob  Bablow,  the  permanent  stretching 
began  at  8  or  10  tons  per  inch,  and  the  bar  never  came  back 
agam  to  its  originallength  after  that  limit  of  strain  was  passed. 
It  most  be  borne  in  mind  that  the  section  of  the  bar  was  dimi- 
nishuig,  and  its  density  increasing  during  the  stretching. 

Mb.  Walkeb  observed,  that  in  some  experiments  he  had 
tried,  it  was  found  that  28  tons  per  inch  was  the  ultimate 
pressore  borne  by  bar  iron,  and  in  some  cases  it  went  up  as 
bigh  as  32  tons  before  breaking,  but  in  th^se  cases  the  weights 
bad  been  aj^lied  very  quickly. 
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e  Chairman  concurred  in  the  opinion  that  time  was  b 
important  element  in  experiments  of  this  nature, 
i.  Slatb  obserredy  that  the  same  remark  was  applicable 
it  iron. 

\.  CowPEB  believed  that  the  point  at  which  the  elastioit} 
m  was  overcome  and  permanent  stretching  cDmmenoed 
t  be  measured  at  8  tons  per  square  inch,  or  by  a  fine 
>meter,  at  7^  tons  ;  although  by  measuring  more  roughly 
beam  compasses,  it  had  been  stated  so  high  as  10  tons. 
r  3J  inch  square  and  7  feet  6  inches  long,  bore  27  tons 
luare  inch  before  it  broke,  and  it  was  then  extended  in 
li  5  inches  ;  the  elasticity  of  that  bar,  after  being  per- 
ntly  extended  upwards  of  3  inches,  was  as  nearly  as 
)le  the  same  as  it  was  at  first  before  permanent  exten- 
lad  commenced,  it  was  stretched  one-eighth  of  an  inch 
e  same  increase  of  strain  in  both  cases,  and  retomed 
ietely. 

;.  Slate  doubted  the  accuracy  of  this  principle. 
3  Chairman  observed,  that  Mb.  Cowpeb  meant,  that 
igh  the  iron  was  permanently  extended,  the  coheaioD 
g  the  particles  was  not  so  altered  as  to  interfere  with 
iw  of  its  elasticity.  The  iron  itself  was  i^ot  crippled, 
;h  the  area  might  be  altered  j  hence  the  law  of  elasticity 
lot  altered,  and  the  constitution  of  the  iron  itself  was 
Bteriorated. 

.  BoBiNSON  said^  he  considered  there  was  an  advantage 
king  experiments  with  the  hydraulic  press,  because  it 
ed  a  good  means  of  detecting  the  stretching — imme- 
y  that  extension  took  place  the  pump  handle  began  to 
faster.  It  was  foimd  in  practice,  that  the  moment  they 
eyond  the  elastic  strain  in  a  bar  of  iron  it  became 
orated ;  and  they  never  considered  it  capable  of  bearing 
with  safety  unless  it  came  back  to  the  starting  point     . 
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hen  allowed  to  cool  in  that  form.  When  both  bars  were 
lold  he  commenced  experimenting  with  the  plain  straight  bar 
md  that  bent  very  readily.  But  before  he  began  to  experi- 
nent  on  the  bent  bar  he  straightened  it  cold,  and  by  so  doinj 
le  brought  the  particles  of  the  under  side  of  the  bar  into  t 
tate  of  tension,  or  in  other  words  into  the  condition  of  i 
ension  bar,  and  the  bar  broke  with  very  little  deflection,  ba' 
he  strength  increased  materially. 

The  adjourned  discussion  on  Railway  Springs  was  intra 
[uced  by  reading  the  following  additional  paper,  bj 
ilr.  W.  A.  Adams,  of  Birmingham  : — 

ON  RAILWAY  CARRIAGE  AND  WAGGON  SPRINGS. 

In  the  paper  read  at  the  last  meeting,  the  writer  brought  befon 
he  Institution  some  Experiments  on  the  relative  qualities  o 
Ipring-steel,  manufactured  from  English  and  fi*om  Swedish  iron 
nd  gave  a  description  of  the  different  constructions  of  Bearing 
nd  Buffer  Springs,  making  a  comparison  between  the  Laminate< 
buffer  Springs  and  the  various  kinds  of  External  Cylinder  anc 
^iston  Buffers. 

An  investigation  was  also  given  of  the  principles  for  regulating 
be  form  and  thickness  of  the  plates  of  the  ordinary  Laminatec 
Iprings,  and  the  writer  endeavoured  to  illustrate  that  the  tru< 
nd  correct  form  for  a  Laminated  Spring  is  a  triangle  tapering 
t  a  uniform  rate  from  the  centre  to  each  end ;  and,  further,  thai 
lie  Spring  should  not  be  weakened  in  the  centre  by  a  bolt  oi 
ivet-hole.  He  intimated  his  intention  of  preparing  a  Laminatec 
^ring  Spring  with  Axle-box  and  adjustments  complete  accord 
ig  to  these  principles,  and  thus  endeavour  to  produce  the  same 
Bsults  as  in  the  ordinary  Laminated  Spring  with  the  smaUesl 
mount  of  material. 

Fig  11,  Plate  7,  represents  a  spring  and  adjustments  of  the 
)llowing  dimensions,  which  has   been  made  according   to   the 
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iium  prindples,  and   is   laid  before  the    present    meeting : — 

Length 2  fb.  8    in. 

Oamber 6    in. 

Width 3    in. 

Thickness  in  centre 3f  in. 

Consisting  of  10  plates  ^  inch  thick,  and  2  plates  f  inch  thick. 
The  weight  of  the  spring,  exclasiye  of  the  hoop,  is  59  lbs. 

This  spring  is  very  nearly  a  triangle,  the  base  being  but  ^  inch 
vida  To  ensore  the  correct  triangular  form,  the  plates  are  cut 
to  the  correct  lengths,  as  shown  in  Figure  10,  and  afterwards 
cambered. 

In  this  spring  there  is  no  rivet  or  bolt-hole,  the  plates  being 
Iteld  together  by  the  dip  A«  The  clip  is  rounded  at  the  top  and 
bottom,  as  shown  in  the  section  Figure  12,  and  the  spring  is 
therefore  confined  at  the  extreme  centre  only. 

To  prevent  the  plates  sliding  one  past  the  others  they  are 
itodded  one  into  the  other  at  the  centre,  as  shown  at  B,  Figure  12. 
To  prevent  the  spring  sliding  from  the  hoop,  a  set  screw  C, 
Ponies  11  and  12,  is  fixed  in  the  bottom  of  the  clip,  the 
point  of  the  set  screw  fitting  a  countersink  in  the  bottom 
pkta  The  clip  or  saddle  A  is  broad  at  the  base  to  enable  it  to 
rot  eonveniently  on  the  sides  of  the  Axle-box,  in  the  manner  of 
an  ordinaiy  spring  hoop,  without  interfering  at  all  with  the 
gnaae  chamber. 

The  deflections  of  the  above  Spring  are  by  actual  experiment, 

\  tan  weight |  inch  deflection. 

1  »  1 

^  .       H 

2  „  -2 


*       „  4 

Ho  permanent  set  in  this  experiment. 
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The  smaller  improYed  spring  exhibited  to  the  meeting,  is  of  t] 
following  dimensions : — 

Length 2ft6in. 

Camber 5    in. 

Width 3    in. 

Thickness  in  centre 3^  in. 

Consisting  of  ten  plates  ^^  and  one  plate  f  inch  thick. 
The  weight  of  the  spring  exclusive  of  the  hoop  is  481bs. 
The  deflections  by  experiment  are — 

^  ton  weight ^  inch  deflection. 

1 


H 
2 

3 

4 


T 


H 


No  permanent  set  in  ihis  experiment  This  spring  is  eom 
what  too  rigid,  and  would  do  better  with  one  plate  lees,  redud] 
the  weight  to  about  44  lbs. 

COMPARATIVE  TABLE  OF  DEFLECTIONS. 


strain  on  Mch 

Thick  Plato 
Weighing  40  Ibt. 

Ordinary  Spring 

New  spring 

New  Spring 

Spring. 

Weighing  98  Ibt. 

Weighing  59  Iba 

Weighing  4S] 

Tou. 

inclML 

lachM. 

Inchet. 

LMhM. 

i 

— 

— 

i 

tV 

1 

1 

i 

1 

i 

H 

— 

— 

H 

lA 

2 

1 

2 

2 

1} 

3 

u 

3i 

3 

2f 

4 

— 

— 

4 

3J 

By  reference  to  this  comparatiye  table,  showing  the  expm 
ments  with  the  spring  in  ordinary  use,  described  in  the  fonn< 
paper,  it  will  be  noted  that  the  rBSults  are  nearly  the  same  i 
those  of    the  Improved  Springs  now  described,  but  with   ih 
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I 
that    the    deflectioiui  <^   the    Ordinaiy    Spring  are 
Based   ratio,   but    with    the    Improved    Springs    the 
ure  in  a  uniform  ratio. 

ore  appears  that  with  a  Spring  weighing  about  44  to 
same  results  can  be  obtained  as  with  the  Ordinary 
^n  Springs,  which  weigh  on  the  average  93  lb& 
en  is  exhibited  to  the  meeting  of  the  Ordinary  Bearing 
1  Axle-box  and  adjustments  and  also  the  Improved 
1  Axle-box  and  adjustments.  The  adjustments  of  the 
)ring  weigh  7  lbs.,  and  of  the  Improved  Spring  6  lbs. 
Lntages  of  the  Improved  Spring  are  presumed  to  be, 
luch  as  from  the  correct  theoretical  form  and  the 
the  centre  rivet  or  bolt-hole,  every  particle  of  the 
doing  equal  duty,  the  Spring  will  be  more  lasting ; 
lat  from  the  reduction  of  material  the  first  cost  will 
ably  lessened. 


AM8  briefly  explained  the  Drawings,  and  the  Speci- 
he  Springs  exhibited  to  the  meeting ;  and  added, 
g  taken  2  tons  as  the  full  load  on  each  spring,  he 
eoured  to  realize  the  fnll  extent  of  action  with  the 
mount  of  material. 

lAiBMAK  observed,  that  he  thought  the  proposed 
I  a  decided  improvement  in  the  form  of  the  spring, 
ing  a  hole  through  the  centre.  In  the  Ordinary 
3  centre  portion  was  inactive,  and  the  remainder 
really  usefdL 

aiOHT  said,  the  hole  in  the  centre  did  not  appear  to 
at  objection,  and  the  only  advantage  in  the  proposed 
mistad  in  it  being  much  lighter  than  those  ordinarily 


Digitized  by 


Google 


RAILWAT   SPRINQ3.  ApL  le 

but  he  thought  the  principle  of  all  that  kind 
was  wrong  in  having  so  much  camber. 
'haibman  said,  it  appeared  to  him  to  be  intended 
luction  of  the  advantages  of  other  springs,  with  k 
nd  material ;  and  it  was  certainly  incorrect  to  pal 
he  centre  of  a  girder,  which  was  to  carry  a  weig 
mtre. 

Bright  thought  the  Long  Flat  Springs  were  the  be 
were  used  in  carriages,  and  that  they  prevented  t 
»m  breaking,  as  they  did  with  the  other  springs  u& 
ons,  and  they  would  not  deflect  too  much,  not  m< 
r  2i  inches. 

icCoNNBLL  thought  the  Carriage  Springs  were  oi 
hilst  the  tension  of  the  load  was  not  enough  to  bri 
tt,  but  beyond  that  they  would  become  useless  8 
gid;  and  with  reference  to  Waggon  Springs, 
the  tension  would  be  too  great  to  make  the  princi 
le. 

Wright  suggested  a  Tension  Spring,  with  a  lo 
at  each  end,  on  the  same  principle  as  some  ordini 
1  Springs  were  hung. 

Ldams  observed,  that  the  form  of  spring  he  suggesi 
y  even  in  its  work  and  uniform  in  its  deflect 
out.  With  each  additional  5  cwt.  of  load  it  si 
and  with  3  tons  upon  it  the  spring  was  quite  as  es 
there  was  still  the  same  deflection  of  ^  inch  for  e 
Eis  with  the  lighter  load. 

;HAIRMAN  considered  it  an  important  advantage  t 
formity  of  deflection  or  elasticity,  extended  throu, 
entire  space. 

3mith  thought  it  a  decided  improvement  to  get  ri( 

through  the  centre,  because  it  enabled  them  to  m 

he  whole  of  the  steel  in  the  spring  to  the  very  cen 
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Mb.  Boss  did  not  see  an  advantage  in  the  nibs  in  the  centre 
of  the  spring,  instead  of  a  rivet,  and  thought  they  would 
weaken  the  spring  in  the  centre  as  much  as  the  rivet-hole. 
He  suggested  the  introduction  of  a  solid  block  of  ash  or  oak, 
for  the  bearing  of  the  spring  in  the  centre^  as  he  considered 
there  was  great  benefit  resulting  from  that  plan.  For  three 
or  four  years  past  they  had  introduced  wooden  blocks  into 
Buffer  Springs,  with  decided  advantage. 

Mb.  H.  Wright  said,  in  practice,  they  seldom  found  a 
spring  break  in  the  centre  in  the  case  of  Carriage  Springs, 
owing  to  the  long  bearing  on  a  wooden  block  ;  but  Engine 
Springs  were  liable  to  break  in  the  centre,  where  there  was 
only  a  short  bearing,  without  wood  in  the  centre.  But  in 
the  Carriage  Springs  the  material  in  the  centre  was  certainly 
inactive,  and  it  was  an  improvement  to  save  that  inactive 
material. 

Mb.  Adams  remarked,  that  his  object  was  to  improve  the 
present  Waggon  Spring,  by  combining  the  best  action  of  that 
kind  of  spring  with  the  least  amount  of  material ;  and  with 
regard  to  the  plates  being  nibbed  into  each  other  in  the  centre, 
he  thought  that  could  not  weaken  them  at  all,  as  there  was 
not  any  portion  of  the  material  removed,  as  was  the  case  with 
the  rivet-hole ;  but,  on  the  contrary,  from  the  sectional  form 
of  the  nib,  the  strength  of  the  plates  was  perhaps  rather 
increased  than  diminished  in  the  centre. 

The  Chatrkan  observed,  that  it  was  desirable  to  have 
great  dasticity  in  the  spring  with  a  heavy  load,  and  less 
elasticity  with  a  light  load  ;  but  springs  generally  were  the 
ivrerae  of  this,  and  it  was  an  important  advantage  in  the 
proposed  spring,  that  it  was  equally  elastic  with  a  heavy  load 
M  with  a  light  one.  In  railway  waggons  it  was  impossible 
to  keep  the  loads  so  uniformly  distributed  as  in  carriages. 

Mr,  Wbioht  thought  that  the  Tension  Spring  would  yield 
equally  at  every  point  of  its  elasticity. 
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Mr.  McConnell  observed,  that  it  would  diminish  ir 
elasticity  as  the  load  increased,  because  it  would  become  ai 
last  absolutely  rigid,  and  could  not  yield  any  further. 

Mr.  Slate  considered  that  the  construction  of  the  Tensior 
Carriage  Spring  was  very  unmechanical ;  the  strain  of  th< 
spring  was  carried  through  a  curve,  and  though  it  nn'ght  d< 
extremely  well  with  a  light  load,  yet  when  it  was  applied  t< 
waggons  varying  in  their  load  from  3  to  10  tons,  the  limit 
of  tension  would  be  exceeded,  and  between  the  ends  of  th< 
scroll  irons  it  would  be  perfectly  rigid.  He  thought  n( 
strength  of  material  that  could  be  put  in  the  tie  would  Im 
equivalent  to  support  a  heavy  load  in  that  particular  direction 
because  it  must  either  stretch,  or  if  not  elastic  must  certainly 
break.  Besides,  he  considered  there  was  an  immense  straii 
upon  the  scroll  iron,  and  the  form  itself  was  objectionable 
however  well  the  curved  form  might  be  in  appearance. 

Mr.  Adams  explained  by  the  drawing  that  the  straighten- 
ing  of  the  top  plate,  as  the  spring  deflected  compensated  fo 
the  deflection  of  the  shackle,  and  prevented  any  undue  straii 
within  the  limits  of  load  that  kind  of  spring  was  subjectec 
to  in  passenger  carriages ;  and  the  action  of  the  spring  wai 
materially  assisted  by  the  form  in  which  the  plates  were  se 
in  making  the  spring,  the  set  being  all  given  at  the  centre  o 
the  plates,  thus  •••***^^,^«*^  instead  of  the  plates  being  ben 
into  a  uniform  curve  throughout,  thus  v^       ^.^ 

Mr.  DeBergue  then  read  the  following  observations  on  tin 
India-rubber  Buffers,  in  reference  to  the  notice  of  them  ii 
the  paper  read  at  the  last  meeting ;  the  Chairman  remarkinc 
first,  that  it  was  irregular  for  a  paper  to  be  read  upon  anothe] 
paper,  and  could  only  be  permitted  as  a  special  exception  ii 
the  present  case,  and  not  as  a  precedent. 

In  reference  to  the  observation  that  the  sustaining  jwwer  o 
the  India-rubber  Buffers  is  too  great,  and  that  in  the  event  of  i 
collision  the  ti-ain  might  collapse  before  this  was  fully  developeil 
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^ould  observe — that  the  most  effective 
X)llision  will  be  those  which  will  oppoa 
resistance  moving  through  the  greatest  i 
Qum  resisting  force  should  not  exceed 
be  sustained  by  the  under  frames  of 
wry.  Now  the  maximum  sustaining  p 
dia-rubber  Buffers  does  not  exceed  2C 
3veral  thousand  sets  of  them  in  use,  r 
es  been  driven  quite  home  without  the 
follows  that  their  resisting  power  do 
lit,  and  that  they  must  consequently  I 
the  event  of  a  collision  than  any  other 
oke  and  only  one-third  of  the  resisting  p 

lOst  be  borne  in  mind  that  buffers  are 
awes  of  collision,  they  are  more  genera! 
e  slighter  concussions  in  stopping  and  s( 
igB  and  warehouses ;  and  in  order  thai 
,te  to  this  service,  their  resisting  force 
ery  small  at  the  commencement  of  tl 
produced  combines  these  properties  so  p 
[ndia-rubber,  indeed  it  is  so  easily  actec 
mt  of  the  stroke  that  it  has  been  founc 
)  four  rings  in  each  buffer  to  the  exten 
Toke  commences. 

mense  sustaining  power  of  these  buffe 
ould  be  reduced  to  any  required  amoi 
he  diameter  and  thickness  of  the  lingSj 
the  cost — but,  in  the  opinion  of  the 
stroying  one  of  the  most  valuable  prop< 

[son  has  been  made  between  the  relativ 
esistance  of  a  pair  of  buffers  of  12  inch< 
Y  Laminated  Spring,  and  a  pair  of  the 
fers ;  but,  in  the  writer's  opinion,  the  cs 
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coiTect.  It  has  been  assumed  that  the  India-rubber  Buffers 
ive  only  1 J  inch  stroke  with  a  final  resistance  of  3  tons — say  3 
ns  X  IJ^  inches  ==  4  J  effective  resistance  of  a  pair  of  India-rubber 
iiffers.  Then  12  inches  is  given  as  the  stroke  of  the  Laminated 
>ring  with  2|  tons,  which  would  make  2  J  tons  X  12  inches  =  33 
ective  resistance,  the  proportion  being  4j^  to  33,  or  1  to  7^. 
But  as  regards  the  Indiarrubber  Buffers,  the  length  of  stroke 

exactly  3  inches,  and  the  maximum  resistance  20  tons  for  a 
ii* ;  and  as  this  large  amount  of  resistance  is  mainly  accumu- 
;ed  towards  the  end  of  the  stroke  (as  will  be  seen  from  a  state- 
mt  of  experiments  annexed),  it  would  not  be  correct  to  take 
B  half  of  that  as  the  average  resisting  power;  but  it  is  pre- 
med  that  it  will  be  keeping  within  the  limits  to  take  only  one- 
arter  of  the  maximum  resistance — say  5  tons,  as  the  average 
listing  power  for  a  pair  of  buffers,  thus — 5  tons  x  3  inches  = 

effective  resistance. 

With  regard  to  the  Laminated  Spring — 2|  tons  is  given  as  the 
jisting  power  of  the  spring  for  the  pair  of  buffers  with  12 
;hes  of  action;  but  this  2|  tons  is  the  7)iaxi7num  resistance  of 
3  spring  deflected  to  a  stiuight  line,  and  being  a  steel  spring,  and 

resistance  not  increasing  in  tlie  same  compoimd  ratio  as  the 
dia-rubber,  nearly  half  its  maximum  power  should  be  allowed 
the  average  resistance  throughout  the  stroke — say  If  ton  X  12 
;hes  =  16J  effective  resistance;  thus  it  appears  that  the  pro- 
rtionate  effective  resisting  foree  between  a  pair  of  the  India- 
bber  3  inches  stroke  Waggon  Buffera,  and  a  pair  of  12  inches 
oke  ordinary  Laminated  Spring  Buffers,  is  as  15  to  16^,  instead 
being  as  1  to  7^. 

It  may  be  here  observed  that  the  Indiarrubber  Buffers  are  not 
dted  to  3  inches  stroke ;  some  are  made  4^  inches,  and  some 
bh  6  inches  stroke  for  Passenger  carriages,  and  their  resisting 
nrer  is  proportionately  increased,  but  this  incurs  additional 
3ense,  which  is  a  matter  of  no  small  consideration  in  the 
'sent  times,  and  it  is  found  from  lengthened  practice  that  the  3 
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inches  stroke  Buffers  are  quite  sufficient  for  all  clauses  of  Goods 
Waggons,  and  eyen  for  Cattle  Tracks,  Lugga^  Vans,  iic.  The 
size  of  the  India-rubber  rings  in  these  3  inches  stroke  Buffera  is 
5|  inch  diameter  and  1^  inch  thick. 

With  respect  to  the  durability  of  the  Vulcanised  Indiarrubber, 
I  tdeteDoe  has  been  made  to  elastic  bands  for  papers  that  have 
beeome  completely  rotten ;  but  it  will  be  sufficient  to  state  the 
^Kt  that  a  great  quantity  of  these  bands  have  been  made  that 
were  never  "  vulcanised  "  at  all,  and  were  manufactured  under  an 
independent  patent  for  "  converting,"  but  they  were  sold  by  the 
same  parties,  and  the  public  did  not  know  any  difference.  The 
India-rubber  rings  used  in  the  Buffers  are  all  Vulcanised,  and  the 
writer  has  examined  many  of  them  that  have  been  at  work  for 
aerenl  years,  and  he  has  not  yet  met  with  a  single  instance  of  a 
bad  one. 

It  has  been  objected  to  the  External  Cylinder  Buffers,  that  the 
piston  or  plunger  is  guided  through  too  short  a  space,  which 
nukes  it  more  liable  to  break  the  cylinder  in  the  event  of  an 
oblique  blow;  but  it  should  be  observed  that  this  defect  is 
obviated  in  the  India-rubber  Buffer,  where  the  length  of  the 
bearing  extends  firom  the  mouth  of  the  cylinder  to  the  end  of  the 
boas  on  the  base  plate,  the  spindle  being  fitted  so  as  to  foi-m  a 
aoKd  body  with  the  plunger.  The  Indiarrubber  Buffer  is  superior, 
in  the  writei^s  opinion,  to  the  other  External  Buffers,  in  efficiency 
and  durability,  whilst  equally  compact  and  economical,  as  the 
nustanoe  begins  very  gradually  at  the  first  part  of  the  stroke, 
and  increases  to  a  great  power  at  the  latter  part,  vrithout  coming 
to  a  dead  stop  at  a  moderate  pressure,  as  in  the  other  Buffers ; 
the  pressure  being  spread  uniformly  over  the  whole  surface  of 
the  base  plate,  which  is  better  adapted  to  preserve  the  waggon 
&une  from  injury,  and  the  elastic  material  is  not  liable  to  break, 
••  steel  whether  in  the  form  of  a  spiral  or  otherwise. 

Tlie  following  Table  shows  the  actual  oompression  of  one  of 
tht^e  India-rubber  Waggou  Buffers  of   3 -inch  stroke,  with  each 

Digitized  by  VjOOQ IC 


RAILWAY   SPRINGS. 


Apl. 


rease  of  pressui-e  from  I  ton  up  to  10  tons,  tried  with  g 
uracy  in  a  machine  made  for  the  puq>ose. 


Pretsore 
in  Tons. 

Amount  of  Action  in  Indiea. 

i 

•125 

i 

•625 

1 

r063 

1 

1-344 

U 

1-694 

H 

1-750 

n 

1-906 

2 

2031 

2| 

2-219 

3 

2375 

4 

2563 

5 

2-750 

6 

2-813 

7 

2-875 

8 

2  938 

9 

2-969 

10 

3-000 
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Me.  H,  Wright  observed,  that  he  had  used  the  India- 
rubber  Buffers  very  extensively  in  waggons,  but  not  in 
carriages,  and  he  considered  them  to  act  efBciently. 

Mr-  Hknson  said  he  was  not  able  to  speak  from  his  own 
experience  of  the  India-rubber  Buffers,  as  he  had  only  had 
fire  sets  of  them  in  use ;  but  he  thought  the  material  was  not 
durable,  as  he  had  seen  specimens  of  the  Vulcanised  India- 
rubber  which  had  quite  perished  in  the  packing  of  the  Air- 
cylinder  Buffers. 

Mr.  RoBiKSON  enquired  whether  there  had  been  any  oil  in 
contact  with  the  vulcanised  India-rubber  in  those  specimens, 
as  be  understood  it  would  not  stand  the  action  of  oil ;  but 
Mr.  Hekson  said  he  believed  it  had  been  kept  free  from  oil. 

Mr.  H-  Wright  said,  that  on  the  North  Staffordshire 
Itailway  all  the  waggons  were  made  with  the  India-rubber 
Buffers,  and  he  had  not  fotmd  the  material  fail  in  any 
instances :  the  only  failure  of  the  Buffers  had  been  in  the 
cast-iron  casings,  which  had  broken  at  the  flange  of  the 
cylinder  in  many  instances ;  but  they  were  easily  repaired, 
and  the  risk  of  breaking  could  be  prevented  by  an  alteration 
in  the  castings. 

Mb.  Db  Bergue  explained,  that  the  objection  had  been 
obviated  by  an  improved  form  of  the  castings,  and  showed  a 
drawing  of  the  present  construction  of  the  Buffer.  (Fig.  13, 
Plate  7.) 

Mr.  Adams  remarked,  that  his  objection  to  the  India-rubber 
Buffer  consisted  in  the  circumstance,  that  the  length  of  action 
waa  very  short  for  the  extent  of  resistance  that  was  ordinarily 
called  forth  in  Buffer  Springs ;  and  he  should  prefer  a  less 
resisting  power  continued  through  a  greater  space. 

Mb.  McConnell  observed,  that  in  that  case  a  Laminated 

Buffer  Spring  would  be  required,  which   brought  them  a 

question  of  greater  cost. 
o 
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Mr.  Adams  replied^  that  it  was  a  mistake  to  suppose  i 
e  Laminated  Buffer  Springs  would  be  much  more  expen 
an  the  External  Bufffers,  such  as  the  India-rubber  Buffi 
id  he  considered  that  they  would  cost  but  little  more,  no 
uch  as  25  per  cent,  more  including  the  buffer  rods  e 
ete,  and  that  the  increased  cost  would  be  well  laid  on 
aminated  Springs,  being  the  best  in  the  end. 
The  Chairman  observed,  it  was  an  important  circumsti 
the  expense  of  employing  Laminated  Springs  was  re 
)t  greater,  as  their  advantage  was  obvious  from  the  m 
reater  length  of  action. 

Mr.  Wright  thought  that  the  increase  of  cost  woulc 
msiderably  greater,  and  that  it  was  a  question  of  he 
[pense  on  a  large  number  of  waggons.  He  considered 
le  repairs  would  form  an  expensive  item  in  the  Lamin 
prings,  as  they  would  be  so  much  knocked  about  in  wagg 
Mr.  Ramsbottom  remarked,  that  it  was  important  to  1 
Draw  Spring  as  well  as  a  Buffer  Spring  in  all  waggons, 
le  Laminated  Spring  might  be  made  to  serve  both  purpt 
Mr.  McConnbll  observed,  that  they  were  much  indebtc 
[r.  Adams  for  his  communication  on  this  important  sub 
id  proposed  a  vote  of  thanks  to  him,  which  was  passed. 
In  consequence  of  the  absence  of  Mr.  Wm.  Smith, 
rther  consideration  of  his  paper  on  the  Engines  of  the  S< 
baffbrdshire  L-on  District,  was  adjourned. 
The  following  paper,  by  Mr.  George  Hkaton,  of  Birmi 
im,  was  then  read, 

N  THE  IMPORTANCE  OF  MAKING  A  COMPENSATl 
FOR  THE  PULL  OF  THE  AIR  PUMP  BUCKET 
THE  CONDENSING  STEAM  ENGINE. 

r  the  year  1844,  the  author  of  the  present  paper  was  empl< 

ins][>ect  and  ascertain  the  cause  of  the  irregular  motion 

efficient  performance  of  a  Steam  Engine  and  Mill  used  for 
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of  Grinding  Corn.      The  Mill  had 
Ive  on  one  and  four  on  the  other  \ 
The  bottom  of  the  Com  Spindles  fn 
the  whole  framing  which  carried  th 
L  the  power  having  the  greatest  strain 

of  an  inch,  and  the  end  of  the  hor 
B  Com  Spindles  partaking  of  the  » 

much   heated  with   its   work,  and 
uch  worn  on  both  sides, 
ill  work  was  very  good  and  substantial, 
B  at  work.     The  Steam  Engine  wit] 

stroke  of  Piston  6  feet.  Air  Pump  2 
it  stroke,  was  altogether  a  strong  we] 
^ure  was  about  6  lbs.  per  inch,  and  tl 
}  strokes  per  minute,  but  if  attempt 
acre  irregidar  motion  was  produced, 
ith  gear  at  the  top  of  a  vertical  shaft  1 
the  Governor  frequently  moved  in  an 
16  stroke  of  the  Engine.     When  rum 
kes  per  minute,  the  Governor  Rod  a1 
^uently  moved  J  to  1  inch  during 
he  greatest  opening  of  the  valve  beii 
be  pull  of  the  Air  Pump  Bucket; 
in  the  distance  the  rod  moved  each 
every  4th  or  5th  stroke.     The  Engij 

lead,  for  the  reversing  blow  was  stru 
b  the  centre.  The  time  of  opening  the 
Secting  a  saving  of  steam  and  requirin 
rtened  more  than  1  inch,  (the  throttl 
\  long)  ;  bowever  the  irregular  motior 
rith  nine  pair  of  Stones  appeared  to  h 
Qgine  was  constructed  according  to  1 
about  an  equal  weight  hanging  up 
le  weights  of  the  different  parts  w 
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AT  THE   CRANK   END.  T.     C.     Q.    LB. 

Connecting  Rod  and  Block  at  the  Top      .     1  11     3  14 

4  Brasses -...0020 

Cold  Water  Pump  Bucket  and  Bod     ..0220 

Crank  and  Pin 0  14     3     0 

Feed  Pump,  Plunger  and  Rod    ....    0     2     0     0 

2  11     2  14 
Deduct  for  "Weight  of  Crank  balanced  on 

the  main  Shaft 0     9     0     0 

Total  Weight    2     2     2  14 


AT   THE   CYLINDER   END.  T.     C.    Q.    LB. 

Piston  Rod 0     4     1  19 

Piston  and  Ring 0  14     1     0 

Pins,  Gibs,  and  Cotters  for  ditto     ...  0     1     0  21 

ParaUel  Motion 0  11     3     0 

Cap  and  Gudgeon  to  Piston  Rod     ...  0     4     0     0 

Plug  Rod 0320 

Air  Pump  Bucket -..0420 

Total  Weight    2    3     2  12 

^nsequentlj  the  weights  at  each  end  of  the  Beam  were  balanced 
within  1  cwt. 
The  following  alteration  was  then  effected  in  the  Engine : — 

A  weight  was  fixed  at  the  crank  end  of  the  Engine  Beam,  to 
issist  in  the  pull  of  the  Air  Pump  Bucket,  and  retard  the  speed 
>f  the  Engine  on  the  opposite  side  of  the  stroke ;  this  weight  waa 
19  cwt.  3  qrs.  14  lbs.,  and  from  its  position  it  was  equivalent  to 
ibout  one-half  the  pull  of  the  bucket,  considering  the  average 
pull  through  the  whole  lift.  The  Engine  Beam  was  double,  and 
;he  balance  weight  was  fixed  between  the  two  sides  of  the  beam  ; 
ilso  the  Governor  was  altered  to  be  driven  by  a  band  instead  of 
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the  former  gear  and  long  shaft.  The  Engine  was  then  set  to  run 
«t  l^  strokes  per  minute,  the  speed  required  by  the  Company 
for  its  work,  so  as  to  drive  the  stones  at  about  128  revolutions 
per  minute,  in^ead  of  about  117,  the  former  speed ;  the  Com 
^indies  then  ran  quite  steady,  the  Necks  of  the  horizontal  shaft 
kept  oool,  the  dust  remained  on  the  back  part  of  the  Teeth  of  the 
driTiog  wheels,  and  the  Grovemor  Rod  remained  steady  for  a  long 
time  together,  without  anything  else  being  done  to  either  the 
liDgine  or  Mill.  Since  that  time  the  Company  have  added  five 
p«ir  more  Com  Stones  to  that  end  of  the  Shaft  the  five  pair  are 
strand  they  run  equally  steady  with  the  others.  The  Engine 
appears  now  to  drive  13^)air  of  Stones  with  greater  ease  and 
freedom  than  it  drove  8  pair  before  the  balance  weight  was  added, 
and  the  repairs  have  been  considerably  diminished  in  the  same 
ipaoe  of  time.  Believing  that  the  pull  of  the  Air  Pump  does  not 
gaerally  receive  the  consideration  it  requires  in  either  Stationaiy 
or  Marine  Engines,  is  the  wiiter's  apology  for  bringing  this  paper 
bflfoce  the  Meeting. 


The  Chaibman  in  moving  the  thanks  of  the  meeting  to 
Mb.  Hsatoh,  said,  snch  subjects  were  of  so  much  importance 
that  they  oonld  not  too  frequently  be  brought  before  the 
attention  of  Engineers.  He  trusted  that  the  important  state- 
ment in  this  paper  had  been  rr^ade  with  great  care,  for  it  was 
mrprising  to  hear  of  such  great  results  flowing  from  such 
nmple  means.  He  should  be  glad  if  Engineers  generally, 
would  commonicate  all  such  results  as  occurred  in  their 
experience,  becanse  the  collection  of  them  would  prove  of 
gteat  value. 
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f  thanks  having  been  passed  to  the  writer 
gave  some  further  explanations  of  the  subjed 
and  observed,  that  the  engine  referred  to,  was 
le  Old  Union  Mill,  at  Birminghan. 

iMAN  then  announced  that  the  Ballot  lists  had 
3y  the  Committee  appointed  for  the  purpose,  and 
new  members,  &c.,  had  been  elected  : — 

Members. 

Robert  Bowman,  Wolverhampton, 
JosiAH  Evans,  Warnngtjjj^, 
H.  H.  Henson,  London. 

Graduate. 
Lewis  Rouohton,  London. 

Honorary  Member. 
Edwin  Gwyther,  Birmingham. 

MAN  remarked  that  he  was  glad  to  see  so  man-' 
jrs  present,  as  it  showed  they  felt  an  interest  ii 
Q,  and  he  hoped  that  they  should  have  an  equall^ 
sndance  at  their  next  meeting, 
g  then  terminated. 
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24  July,  1850. 


The  BBoal  Gekbbal  Meeting  of  the  members  was  held  at 
the  House  of  the  Institution,  Newhall  Street,  Birmingham,  on 
Wednesday,  the  24th  July,  1850 ;  J.  E.  M^Connell,  Esq., 
Vice-President,  in  the  Chair. 

In  opening  the  proceedings,  the  Chairman  regretted  that, 
on  this  occasion  of  the  first  meeting  of  the  members  of  the 
Institation  in  their  new  house,  they  had  not  the  presence  of 
Mr.  Robert  Stephenson,  their  respected  President,  who  wiis 
prevented  from  attending  the  meeting  in  consequence  of  being 
engaged  at  the  floating  of  the  last  tube  of  the  Britannia  Bridge. 
The  minutes  of  the  last  General  Meeting  were  read  by  the 
Secretary,  and  confirmed. 

The  Chairman  then  said,  he  had  the  pleasure  to  announce 
to  the  members,  that  their  President  had  given  to  the  funds  of 
the  Institution  the  very  handsome  donation  of  £100,  to  mark 
his  sense  of  the  importance  of  the  Institution  ;  and  never  were 
their  prospects  and  finances  in  so  flourishing  a  state  as  at  the 
present  time.  They  were  now  in  possession  of  rooms  for  the 
meeting  of  the  members  at  any  time  they  came,  where  they 
would  always  find  their  Secretary  to  receive  them,  and  afford 
information  and  assistance  with  reference  to  the  proceedings 
and  objects  of  the  Institution.  He  hoped  that  they  would 
toon  be  able  to  add  to  the  usefulness  of  the  Institution  by  a 
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good  mechanical  and  scientific  library  for  referenc 
would  of  course  depend  upon  the  contributions 
desirable  an  object ;  they  had  already  the  nucleus  oi 
and  received  the  various  engineering  periodicals, 
that  great  practical  benefit  would  result  from  the  i 
amongst  the  members  which  the  Institution  was  ca 
afford.  In  conclusion,  the  Chairman  proposed  a  vot 
to  the  President  for  his  handsome  donation,  which  v 

The   Secretary  then  read  the  following  pape 
William  Smith,  of  Dudley: — 

ON  THE  CONDENSATION  OF  STEAM  IN  THE 
OF  THE  SOUTH  STAFFORDSHIRE  IRON  ] 
AND  THE  IMPROVEMENTS  TO  BE  EFFE 
THEM. 

The  object  of  the  present  paper  with  the  accompany] 
Indicator  Dia^;rams,  which  have  been  taken  from 
engines  by  the  author  of  the  paper,  is  to  shew  the  pn 
ing  condition  of  forty-eight  of  the  largest  class  of 
and  blast  engines  in  South  Staffordshire,  with  some  re 
the  practicability  of  improving  them. 

[For  the  description  of  the  Indicator  Diagrams,  see  R 
General  Meeting,  Ja/nuary  24,  1850,  in  which  a  ^ 
paper  is  included,'\ 

The  general  character  of  the  Indicator  Diagrams  of  1 
of  these  engines,  shews  a  considerable  pressure  of 
tinued  nearly  uniform  throughout  the  whole  stroke  of 
and  averaging  about  12  lbs.  per  square  inch  above 
phere  in  the  forge  and  mill  engines,  and  about  7  lbs. 
inch  in  the  blast  engines;  with  a  very  defective  va 
mencing  about  the  atmospheric  line,  and  reaching 
7  lbs.  to  1 1  lbs.  per  square  inch  below  the  atmosphen 
of  the  stroke,  the  average  vacuum  being  about  61  Iba 
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indk  below  the  atmosphere  throughout  the  stroke.  Some  of  the 
Indicator  Diagrams  from  blast  engines  shew  a  considerable 
equmsive  action,  but  not  a  good  vacuum. 

Fig.  12,  Plate  8,  shews  the  Indicator  Diagram  from  a  mill 
engioe  of  42  inch  cylinder  and  7  feet  stroke,  making  17  strokes 
ptf  minute,  which  was  working  very  imperfectly  in  the  conden- 
nti(»i  of  the  steam,  and  has  been  improved  to  a  remarkable 
extent^  by  an  alteration  made  for  the  purpose  of  improving  the 
vaeunm,  which  has  effected  a  very  considerable  saving  in  the 
oonsomption  of  fuel  This  engine  was  working  with  19^  lbs. 
pressure  of  steam  at  the  beginning  of  the  stroke,  continued  to 
17^  Iba  pressuje  at  the  middle,  and  reduced  to  6  lbs.  per  inch  at 
the  end  of  the  stroke,  by  wire-drawing  the  steam  without  any 
cat  off  expansion  valve;  the  average  pressure  being  16*37  lbs. 
per  square  inch  throughout  the  stroke;  the  average  vacuum 
VB8  only  2*72  lbs.  per  square  inch  below  the  atmosphere,  begin- 
ning a  little  above  the  atmospheric  Hne,  and  reaching  only  5  lbs. 
below  the  atmosphere  at  the  end  of  the  stroke.  This  performance 
being  so  bad  it  was  considered  necessary  to  examine  the  engine, 
sod  the  cause  was  found  to  be  from  the  valves,  thoroughfares, 
and  condenser  being  much  too  small  for  the  proper  proportion, 
tiie  steam  and  eduction  valves  being  only  7  inches  diameter, 
sad  the  thoroughfares  of  the  same  size;  these  were  therefore 
removed  and  replaced  by  others,  the  steam  valves  being  10  inches 
diameter,  and  the  eduction  valves  and  thoroughfares  12  inches 
diameter,  or  three  times  the  area  of  the  original  ones.  The 
oondenser  was  also  nearly  doubled  in  capacity  by  attaching  a 
laige  vessel  on  the  top  of  it,  which  made  it  rather  larger  than  the 
regular  proportion ;  the  air  pump  was  only  24  inches  diameter, 
witii  half  the  stroke  of  the  steam  piston,  or  about  |th  less  contents 
then  the  regular  proportion  for  the  size  of  the  cylinder,  this  was 
aoi  altered,  but  there  was  an  abundant  supply  of  cold  water  for 
ii^ectioiL 

The  result  of   the  above   alteration  is  shewn    in  the  Fig. 
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be  steam  pressure  being  8  lbs.   at  the  beginning,  an 

to  about  the  atmosphere  at  the  end  of  the  stroke,  tl 

being  540   lbs.  instead  of    16*37  lbs.  per  square  inc 

throughout  the  stroke ;  the  vacuum  commenced  at  IC 

ended  at  11  lbs.,  the  average  being  10*15  lbs.  instead  < 

.  per  square  inch  below  the  atmosphere  throughout  tl 

The  improvement  in  the  vacuum  amounts  therefore  i 

nt  average  pressure  of  7*43  lbs.  per  square  inch  throng! 

stroke ;  the  total  power  of  the  engine  as  shewn  by  tl 

igram,  was  19*0i)  lbs.  per  inch  on  the  piston  throughoi 

ke,  being  190  Horse-power,  consequently  this  improv 

the  vacuum  amounted  to  39  per  cent,  of  the  total  powi 

Engine  or  74  Horae-power. 

Qode  of  effecting  the  above  alterations  is  shown  in  Fig 
i  12C,  Plate  9.  Fig.  12B,  shews  the  engine  before  tl 
>n,  the  steam  valves  S,  the  eduction  valves  E,  and  t] 
[if ares  T  being  only  7  inches  diameter.  Fig.  12C  shews  tl 
ifter  the  alteration,  the  steam  valves  S  are  increased 
es  diameter,  and  the  eduction  valves  E  and  thoroug 
are  12  inches  diameter;  the  new  valves  being  so  mu 
lan  the  old  ones,  a  different  arrangement  was  required 
)om  for  them,  the  spindle  of  the  lower  steam  valve  ben 
up  the  side  pipe,  as  shewn  in  Fig.  120,  and  the  upp 
L  valve  placed  over  the  other  side  pipe,  so  that  three  of  tl 
)indles  are  worked  at  the  upper  steam  chest,  and  one  on 
wer. 

addition  made  to  the  condenser  is  shewn  at  0,  whi 
rcular  vessel  constructed  of  boiler  plate,  3  feet  6  indi 
^  and  15  inches  high,  fixed  on  the  top  of  the  oondensc 
Ler  improvement  was  also  made  in  the  condenser,  1 
out  the  deposit  of  lime,  and  adding  an  internal  injc 
«  and  rose  P;  there  was  no  internal  injection  pij 
ly,  but  simply  a  hole  in  the  side  of  the  condenser,  whe 
)ction-oock   A   waa  fixed   on,   as  shewn  in    Fig.    12. 
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and  oGBiflequentlj  Uie  injeotion  water  was  much  less  efficient  in 
ooodoismg  the  steam,  being  poured  into  the  condenser  in  a  single 
stream  instead  of  beLog  scattered  in  a  number  of  small  jets  from 
the  rose  end  of  the  pipe. 

The  majoritj  of  engines  in  this  district  are  similar  in  this 
rapect^  and  the  reason  that  has  been  given,  is,  that  the  rose  is 
apt  to  get  the  holes  choked  up  by  deposit  from  the  water,  which 
is  very  much  impregnated  with  lime.  This  is  a  matter  requiring 
psitumkr  attention  in  this  district,  and  cases  have  come  under 
the  'writer's  observation,  where  condensers  were  filled  up  by  the 
dqnsit  in  the  course  of  two  or  three  years  time,  to  such  an  extent, 
that  the  capacity  was  reduced  fully  one  half,  as  well  as  the  passage 
through  the  foot  valve;  it  is  a  veiy  hard  calcareous  deposit 
vhich  adheres  firmly  to  the  cast  iron,  and  requires  considerable 
Uxmr  to  cat*  it  out,  involving  a  serious  stoppage  of  the  engines, 
and  they  were  consequently  worked  as  long  as  possible  before 
taking  off  the  condenser  cover  to  cut  out  the  deposit,  which 
inoeased  to  7  inches  thickness,  and  as  much  as  half  a  ton  weight 
in  one  engine. 

Besides  ihe  very  important  saving  effected  by  the  greater  power 
obtained  from  the  steam,  in  consequence  of  the  improvement  of 
39  per  cent,  in  the  vacuum,  as  described  above,  the  engine  has 
been  foond  to  do  the  work  more  regularly  and  satisfactorily  since 
the  alteration,  than  before ;  it  was  liable  to  be  pulled  up  by  any 
exin  strain  of  the  rolls,  &a,  whenever  the  piston  was  getting  in 
ivint  of  repacking,  the  leakage  of  steam  injuring  the  vacuum  on 
■eooimt  d  the  very  deficient  condensing  power ;  but  that  has  not 
eoeiiiTBd  since  the  alteration  was  made. 

The  engine  drives  a  merchant  mill  of  3  pair  of  rolls,  a  guide 
BoH  of  3  pair,  2  pair  of  forge  rolls,  a  forge  hammer,  2  shears, 
■ad  a  pomp  for  draining  the  foundations.  It  was  not  stopped 
longer  tJian  three  days  to  make  the  whole  of  the  alterations 
denbed  above. 

Another  nmilar  Engine  ol  the  same  sise  as  the  preceding, 

Digitized  by  VjOOQ IC 


COKDBraATIOH  OF  STSAJC.  J 

17)  was  also  examined,  in  consequence  of  the  impei 
8  condensing,  and  the  valves  and  thoroughfares  were 
i  10  inches  diameter,  but  the  valves  had  not  suffide 
eduction  pipe  to  the  condenser  was  9  inches  diamet 
oondenser  was  2  feet  4  inches  diameter,  and  4  feet  6 
;  the  eduction  pipe  was  then  removed  and  replaced  w 
iches  diameter,  also  a  large  vessel  was  fixed  on  the  top 
enser,  which  increased  its  capacity  about  one  third, 
of  the  valves  was  then  increased  from  1^  inch  to  2} 
the  result  of  the  alteration  was  an  improvement  in  the  ** 
•om  1-60  lbs.  to  7-97  lbs.  per  square  inch  below  the 
e,  or  6 '47  lbs.  per  square  inch  increase  of  average  { 
iighout  the  stroke. 

le  saving  of  fuel  from  these  alterations  has  not  be< 
iained,  as  the  engines  in  both  cases  are  worked  from 
oilers  which  also  supply  steam  to  other  engines  upoi 
load  is  very  unequal,  but  the  saving  is  admitted  to 
Lderable,  and  in  the  case  of  No.  17,  the  proprietoi 
.  enabled  to  use  an  inferior  description  of  slack,  and 
w  off  one  boiler,  with  a  ^re  grate  about  7  feet  square, 
re  yards  of  heated  surface,  without  any  diminution 
3r  employed. 

[le  aggregate  power  of  the  45  mill,  forge,  and  blast 
L  which  the  Indicator  Diagrams  are  taken,  is  nominal 
se-power,  according  to  Boulton  and  Watt's  proportion! 
iders,  but  by  the  calculation  of  the  Indicator  Diagra 
i  is  7819  Horse-power;  the  average  vacuum  obtained 
3nt  working  of  all  the  engines,  is  about  6  lbs.  per  incl 
atmosphere  throughout  the  stroke,  bmitting  from  the 
^  which  are  exceptions  to  the  general  run  of  these  e 
the  average  vacuum  obtained  in  the  6  expansive  en^ 
Hi  Indicator  Diagrams  are  also  given,  is  lOj^  lbs.  p 
w  the  atmosphere  throughout  the  stroke.  The  loss  d 
i  the  imperfect  vacuum  in  the  former  engines  may  tl 
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ether,  and  with  no  difference  between  them  excepi 
the  steam  is  cut  off  bj  a  separate  expansion  t 
Eun  pipe,  and  in  No.  47  the  valves  are  lifted  by  se 
But  independent  of  the  loss  sustained  by  not  woi 
elj,  the  loss  of  power  in  the  engines  described 
»rse-power  as  shewn  before,  the  annual  loss  in  moi 
Lsumption  of  fuel  in  these  engines,  calculating  20 
'  hour,  for  one  Horse-power,  at  a  cost  of  3s.  p 
ount  to  £18,610,  or  £2  Ts.  7d.  per  Horse-power  pe 
rhe  total  power  of  the  steam  engines  employed  in  i 
e  of  iron  in  this  district,  may  be  computed  to  be  f  u 
I  nominal  power  above  named ;  and  the  total  annus 
tprietor  from  the  causes  described  in  the  present 
therefore  taken  in  round  numbers  at  £180,000 
the  more  expansive  engines  described  above,  may  I 
Ekir  average  of  the  engines  in  the  district 
[t  has  been  generally  considered  hitherto,  that  the  J 
expansive  action  of  steam  was  not  applicable  ad^ 
the  engines  of  this  district,  because  of  the  small 
il  employed;  but  this  will  be  seen  to  be  an  en 
sion  from  the  actual  results  of  the  alterations  des< 
ere  the  improvement  was  only  effected  in  the  vaci 
)ansive  principle  was  not  carried  out,  which 
)cted  a  still  greater  saving.  The  total  quantity 
ned  at  present  is  so  large,  that  although  the  pric 
ignificant,  the  total  amount  of  saving  effected 
itage  on  the  whole  is  very  important. 
[n  addition  to  the  saving  in  cost  of  fuel  oonsuj 
portant  saving  would  also  be  effected  in  the  tear 
1  boilers,  which  is  fully  in  proportion  to  thd  extr 
ier  them,  and  the  repairing  of  which  is  invarial 
h  serious  inconvenience  and  expense, 
rhe  description  of  boilers  in  general  use  in  the 
I  further  saving  to  be  effected  by  improvements  i 
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Mr  Bowman  observed,  that  this  would  seem  to  imply  t 
the  size  of  the  condenser  should  be  regulated  by  the  press 
of  the  steam  in  the  cylinder. 

Mr.  Cowper  said,  the  pressure  of  the  steam  was  certai 
a  necessary  element  to  be  taken  into  consideration,  as  wel 
the  size  of  the  cylinder,  in  determining  the  size  of  the  c 
denser.  There  was  not  only  a  greater  quantity  of  steam 
condense  when  a  higher  pressure  was  employed,  but  ah 
greater  quantity  of  air  to  pump  out  at  each  stroke  of  the 
pump.  He  mentioned  a  case  which  came  within  his  c 
observation  in  that  district,  wliere  18  lbs.  steam  was  employ 
there  was  no  barometer  guage,  but  the  parties  were  satis: 
that  they  had  a  good  vacuum ;  however,  the  fact  was,  that 
injection  water  was  forced  into  the  condenser  by  means  c 
cistern  at  the  top  of  the  engine  house,  22  feet  in  height. 

Mb.  Slate  remarked,  that  he  fully  concurred  in  the  res 
obtained  by  Mr.  Smith,  but  feared  they  were  so  startling  t 
there  would  be  a  disinclination  to  give  them  credence  in 
district.  It  was  highly  important  then  that  the  truth  of 
deductions  should  be  practically  admitted. 

Mr.  T.  Thorneycroft,  as  an  iron-master  of  the  dist 
referred  to,  felt  extremely  obliged  to  the  author  of  the  pa 
for  pointing  out  the  means  whereby  any  saving  could 
elfected,  more  especially  at  a  time  when,  owing  to  the  stat< 
the  trade,  economy  in  the  manufacture  was  so  essential. 

Mr.  W.  Smith  said,  it  had  often  occurred  to  him,  thf 
steam  engine  was  like  no  other  machine.  A  time-piece 
out  of  order,  was  sent  back  to  the  maker  to  be  repaired,  anc 
the  case  of  machines  of  other  descriptions,  if  they  did  not 
their  work  well  they  were  immediately  stopped,  because  tl 
wasted  and  injured  the  material  upon  which  they  w 
employed.     But  when  the  old  steam  engine,  after  20  or 
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years'  of  hard  labour,  shewed  some  symptoms  of  disorder,  it 
could  not  be  stopped,  so  with  an  extra  application  of  the  coal 
shoyel,  and  some  hammering  at  the  cotters,  &c.,  it  was  set  to 
work  again,  and  with  its  powerful  steam  arm  it  wound  round 
all  the  complicated  machinery.  This,  however,  was  done  at  an 
enormous  expense  to  the  proprietor  of  the  engine,  and  it  would 
be  much  better  if  he  were  to  renovate  its  constitution.  He 
trnsted  that  the  exertions  of  the  members  of  the  Institution 
would  have  some  influence  in  shewing  to  persons  of  the 
description  referred  to,  the  necessity  of  carrying  out  these 
things  on  more  efficient  principles  than  they  had  hitherto 
been  conducted. 

Mb.  Bowman  thought  it  a  matter  of  great  importance  that 
the  injection  water  should  spread  itself  out  amongst  the  whole 
quantity  of  steam  immediately  on  its  passage  into  the  con- 
denser, and  the  alteration  made  by  Mr.  Smith  in  the  mode  of 
injection  was  very  advantageous. 

Mb.  CoWFSBX>bserved,  that  they  ought  all  to  add  their  testi- 
mony to  the  value  of  the  Indicator  Figures  produced  by  Mr. 
Smith,  because  they  shewed  the  character  of  the  engines  much 
better  than  any  judgment  which  could  be  formed  with  reference 
to  them,  inasmuch  as  it  was  the  character  of  each  engine  written 
by  itself,  and  could  not  be  erroneous.  He  had  not  the  slightest 
doubt,  that  a  loss  of  £180,000  at  least,  as  stated  by  Mr.  Smith, 
was  sustained  in  that  district,  because  the  mode  of  condensing 
ordinarily  adopted  was  exceedingly  defective.  It  had  occurred 
to  him  many  years  ago,  that  a  valve  might  be  put  at  the  side 
of  the  condenser,  and  connected  with  an  injection  pump,  so 
that  a  gush  of  cold  water  might  be  injected  at  every  stroke,  at 
the  very  moment  of  the  entrance  of  the  steam  into  the  con- 
denser, and  shut  off  again  immediately,  by  which  means  the 
greatest  possible  use  might  be  made  of  the  injection  water, 
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and  the  condensation  of  the  steam  eflTected  with  a  small 
quantity  of  injection  water. 

He  then  explained  the  drawing  of  an  improved  injecti 
valve  which  he  had  constructed,  and  found  to  work  very  si 
cessfully  ;  the  object  was  to  maintain  the  full  pressure  of  t 
water  at  the  point  of  entrance  into  the  condenser,  and 
obtain  a  more  eflBcient  distribution  of  the  jet  of  water  withe 
danger  of  its  getting  choked.  In  Fig.  1,  Plate  10,  A  is  t 
condenser,  B  the  eduction  pipe,  C  the  air  pump,  D  the  cc 
water  cistern  in  which  they  are  immersed ;  E  is  the  injecti 
valve,  a  conical  valve  rising  a  little  above  the  bottom  of  t 
condenser,  with  a  perforated  cap  below  in  the  cold  water  cistei 
this  valve  is  lifted  by  the  screwed  rod  F,  and  the  admissi 
of  the  injection  water  can  be  regulated  with  the  greafa 
accuracy  by  the  screw.  The  water  enters  the  condenser  ii 
fine  sheet  all  round  the  valve,  which  strikes  the  sides  of  t 
condenser  and  fills  the  whole  space  with  a  fine  spray ;  he  h 
ascertained  this  by  trying  the  valve  in  a  box  similar  to  the  co 
denser,  but  partially  open,  with  a  column  of  water  of  the  sai 
pressure  as  the  injection,  and  he  found  the  distribution  of  t 
water  was  so  perfect  as  to  fill  the  box  with  a  complete  spray 
fog.  There  was  also  a  different  construction  in  the  air-pun 
which  he  considered  advantageous ;  the  bottom  dropped  intc 
well  GG,  in  the  bottom  of  the  condenser,  and  the  water  ro 
up  the  space  GG,  when  the  air-pump  bucket  dipped  into 
forming  a  water-valve  instead  of  the  ordinary  foot-valve,  ai 
giving  pressure  enough  to  ensure  the  bucket-valve  opening 
there  was  any  obstruction. 

Fig.  2,  Plate  10,  shews  the  indicator  figure,  taken  from  tl 
engine  when  in  full  work,  at  24  revolutions  per  minute,  dri^ 
ing  shafting  and  two  fans,  and  amounting  to  72|  indicate 
Horse-power.     Fig.  3,  is  the  indicator  figure  of  the  san 
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3y  the  screw  handle,  and  then  screw  it  down  agai 
ish  of  water  would  effectually  wash  out  any  obstr 
e  Chairman  considered  that  a  great  ad  vantage,  as  i1 
nt  any  stoppage  of  the  engine.  He  thought  the  m< 
e  Institution  were  much  indebted  to  Mr.  Smith 
rches,  but  their  obligations  were  small  compared  wii 
e  iron  manufacturers  of  the  district,  with  whom 

more  immediately  brought  in  contact,  as  the 
d  to  have  been  effected  by  the  improvement  of  the  e 
k1  so  serious  a  proportion  to  the  whole  expense  of  \i 
It  was  important  that  this  subject  should  occi 
don  of  the  iron  masters,  because  their  material  mn 
portion  in  its  price  to  the  management  bestowec 
ifacture.  He  hoped  Mr.  Smith  would  not  lose  i 
abject,  but  keep  it  prominently  before,  not  only 
nanufacturers  of  South  Staffordshire,  but  the  ov\ 
i  engines  throughout  the  country ;  and  he  ihouj 
lution  was  an  excellent  vehicle  for  the  purpose,  1 
9  only  by  such  an  Institution  that  information  c( 
>ted  in  a  practical  form,  and  the  results  be  duly  i 

and  considered.     In  conclusion,  he  proposed  a 
:8  to  Mr.  Smith,  which  was  passed. 
B  following  paper  by  Mr.  Archibald  Slate,  of  1 
hen  read : — 

N^  A  BLOWING  ENGINE  WORKING  AT  HI 
VELOCITIES. 

introducing  to  the  Meeting  the  proposal  for  V 
ng  Engines  at  High  Velocities  the  writer  of  the 

wiBhes  shortly  to  direct  attention  to  the  various  < 
j^h  which  this  description  of  engine  has  passed,  the 
ddate  the  difficulties  to  be  overcome,  and  the  advant 
ived  from  the  farther  change  now  proposed. 
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st  records  he  has  been  able  to  collect  shew  the  blowing 
to  be  single-acting,  or  having  the  power  of  propelling  the 
in  the  piston  was  moving  in  one  direction  only ;  three  or 
hese  blowing  cylinders  appear  to  have  been  attached  to 
k-shafty  worked  by  a  water  wheel,  and  thus  a  tolerably 
^essiire  of  air  has  been  obtained.  When  the  gradual 
lents  of  the  steam  engine  and  the  demand  for  increased 
manufacture  caused  it  almost  entirely  to  supersede  all 
rev,  the  blowing  apparatus  appears  to  have  been  accom- 
as  much  as  possible  to  the  steam  engine,  so  as  to  afford 
cter  of  engine  for  the  time  being,  the  fullest  development 
rer. 

-suance    of    this  object    the    single-acting    atmospheric 

Newcomen  was  attached  to  a  blowing  cylinder,  which 

the  air  from  the  upper  side  of  the  piston  only,  and  in 

to  the  water  regulator,  which  appears  to  have  been 

i  an   earlier  date,  there  was  attached  a  cylinder,  now 

)  the  regulating  tub,  which  was  equal  to  or  larger  in 

than  the  blowing  cylinder.     In  this  was  fitted  a  piston 

d  moving  in  a  guide  fixed  on  the  open  top  of  the  regu- 

ib,  the  bottom  of  the  latter  being  close,  and  having  an 

Election  to  the  main  from  the  blowing  cylinder.     The 

the  tub  was  loaded  to  the  pressure  of  blast  required, 

he  intervals  between   the   discharges  of    the  blowing 

the   descent  of    the  piston  in  the   tub  kept  up  the 

of    air  into   the   water    regulator,   which   intervened 

it  and  the  furnace;   thus  in  effect,  as  far  as  possible, 

he  engine  double-acting.     To  prevent  the  piston  being 

t  of  the  regulating  tub,  a  large  safety-valve  was  attached 

p  of  the  rod  by  a  strap,  long  enough  to  allow  the  desired 

he  piston,  and  short  enough  to  lift  the  safety-valve,  or 

us  it  is  usually  termed,  if  the  piston  at  any  time  exceeded 

;  and  the  number  of  strokes  of  the  engine  was  also  regu- 

the  tub  piston,  as  to  it  the  cataracts  were  attached. 
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18  BLOWING   ENGINE.  July,! 

When  the  double-acting  engines  of  Watt  were  introduc 
;he  regulating  tub  was  still  retained,  though  not  nearly 
essential  a  part  of  the  machine  as  in  the  former  instance. 

The  next  change  that  took  place  was  the  general  abandonm 
>f  the  water  regulator  (though  some  of  these  are  still  at  w( 
)r  have  been  within  a  few  years) ;  the  reason  for  this  change  ' 
he  discovery  that  the  air  in  summer,  already  surcharged  v 
noisture,  took  up  an  additional  quantity  from  passing  over 
nirface  of  the  water  in  the  regulator,  and  that  this  was  pr 
licial  to  the  working  of  the  furnaces. 

When  the  large  area  of  the  water  regulator  was  shut  of 
^as  then  found  that  the  tub  was  by  no  means  such  a  per 
regulator  as  it  was  supposed  to  be,  as  the  momentum  of 
mgine  passed  too  sudden  into  the  heavy  piston  of  the  tub, 
ihrowing  it  up  much  beyond  the  height  due  to  the  pressur 
;he  air,  caused  an  irregularity  that  waa  even  more  aggravated 
ts  descent ;  to  counteract  this,  a  spring  beam  was  placed  on 
;op  of  the  tub  so  as  gradually  to  check  the  momentiun  of 
siston,  and  this  had  some  effect,  but  not  at  all  a  satisfactory  oi 

The  next  alteration  which  appears  to  have  suggested  iti 
^as  the  application  of  large  air  chambers,  from  twelve  time 
;hirty  times  the  area  of  the  blowing  cylinder,  in  which 
elasticity  of  the  compressed  air  acted  as  the  regulator  of 
lischarge,  the  tub  with  its  piston  being  in  some  cases  retaine* 
KTork  the  cataracts,  and  as  a  telltale  against  the  engine  n 
n  case  of  their  allowing  the  steam  to  slacken  and  the  pistoi 
lescend.     In  other  cases  the  tub  was  dispensed  with  altogethe: 

We  now  enter  upon  the  last  change  which  took  place  s< 
ifteen  years  ago,  namely,  the  coupling  of  two  double-ad 
engines,  and  double-acting  blowing  cylinders  upon  the  » 
nrank  shaft  at  right  angles,  so  as  to  keep  up  a  regular  discha 
This  effect  was  in  some  measure  obtained,  but  an  air  chaxz 
>r  what  is  equivalent  to  it,  very  large  mains,  were  still  require 
>btain  what  was  considered  a  satisfactory  result. 
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At  this  point  ihe  realized  improvements  of  the  blowing  engine 
vtop  short,  leaving  it  still  a  large  cumbrous  and .  expensive 
Buujune,  and  not  capable  of  moving  through  its  valves  the  highly 
KLAsnc  KEDITTH  AiB,  at  a  greater  rate  than  the  absolutely  non- 
KUffnc  FLUID  WATEB,  is  moved  through  an  ordinary  pump. 
Under  these  drcumstanoes,  it  must  be  obvious  that  after  all  the 
QgineeriDg  talent  that  has  been  spent  on  this  description  of 
flogine,  there  is  still  (if  the  expression  may  be  applied)  a  wide 
Muge  of  discovery  open. 

Ihe  immediate  cause  of  the  writer^s  attention  being  attracted 
to  the  improvement  of  the  blowing  engine,  was  the  difficulty 
experienced  in  r^ulating  one  of  the  old  construction  of  blowing 
epgine  in  the  latter  part  of  1848,  and  having  at  the  same  time 
occasion  to  employ  some  small  9  inch  cylinders  driven  by.  the 
sir  of  the  large  blowing  engine.  These  small  cylinders  when 
driving  the  shafting  only,  sometimes  obtained  a  velocity  of  up- 
vuds  of  200  revolutions  per  minute,  suggesting  the  idea  of  the 
pooibility  of  reversing  their  motion  and  taking  in  the  air  in  place 
of  blowing  it  out  through  them ;  there  was  however  a  difficulty 
in  the  slide  valve  which  did  not  open  and  shut  fast  enough. 
After  some  consideration  it  was  agreed  that  another  cylinder 
ihoold  be  prepared,  and  the  centre  port  made  much  larger,  and 
the  slide  overtravelled  nearly  half  its  stroke  in  excess,  which  had 
tho  desired  effect;  a  cylinder  of  9  inches  diameter,  and  1  foot 
stvoke,  having  been  driven  320  revolutions  or  640  feet  per  minute, 
diichaiging  the  air  at  a  pressure  of  3}  lbs.  per  square  inch, 
tluoQgh  a  tuyere  of  1^  inch  diameter,  or  ^th  of  the  area  of  the 
Uowing  piston.  This  performance,  as  is  well  known,  is  more 
tha&  double  that  of  any  ordinary  engine,  the  total  area  of  the 
tajeres  with  a  90  inch  blowing  cylinder,  being  at  a  pressure  of 
3j^  lbs.,  about  52  droular  inches,  or  y^th  of  the  area  blowing 
piston. 

We  are  all  acquainted  with  the  tremour  which  is  felt  even  in 
dtt  bert  fofrm  of  the  large  sized  Engines ;  but  in  the  experiments 
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at  a  high  velocity  with  the  small  sized  cylinders,  not  the  slightest 
jar  was  felt  or  noise  heard,  it  is  therefore  proposed  to  increase 
the  speed  of  the  Piston  in  actual  practice,  from  640  to  760  feei 
per  minute,  the  length  of  stroke  being  2  feet  in  place  of  1  foot, 
this  is  somewhat  under  the  speed  of  a  looomitive  piston  at  4(] 
miles  per  hour,  which  is  about  800  feet  per  minute,  so  that  it  ii 
conceived  no  difficulty  can  present  itself  to  this.  The  proposed 
speed  of  750  feet  per  minute,  is  three  times  the  usual  speed  d 
the  present  blowing  engines,  260  feet  per  minute. 

The  construction  of  the  proposed  engine  is  shewn  in  the  accom- 
panying Drawings;  Fig.  1,  Plate  11,  is  a  plan,  and  Fig.  2,  ax 
elevation  of  the  engine,  shewing  the  pair  of  steam  cylinders  and 
blowing  cylinders  ;  AA  are  the  steam  cylinders,  10  inchei 
diameter  and  2  feet  stroke ;  BB  the  blowing  cylinders  30  inchet 
diameter,  and  2  feet  stroke,  with  their  pistons  C,  fixed  on  the  sami 
piston  rods  D,  which  are  connected  to  two  cranks  E,  fixed  ai 
right  angles  to  each  other  on  the  same  shaft.  The  slide  valves  I 
of  the  steam  cylinders  are  worked  by  the  eccentrics  G  on  th< 
cranked  shaft,  and  the  cranks  H  at  the  outer  ends  of  the  sanu 
shaft,  work  the  slide  valves  I  of  the  blowing  cylinders.  Th< 
centre  port  K  passes  downwards  to  an  external  opening  for  th< 
admission  of  the  air,  and  the  discharge  ports  LL  deliver  into  th< 
passages  M  on  the  top  of  the  cylinder,  which  communicate  witl 
the  air  main  N  by  the  chest  O  formed  between  the  cylinder^ 
The  piston  of  the  blowing  cylinder  is  intended  to  be  made  with 
out  any  packing,  being  a  light  hollow  cast  iron  piston  turned  t< 
an  easy  fit ;  and  the  slide  valve  of  the  blowing  cylinder  to  hav< 
a  packing  plate  at  the  back,  working  against  the  cover  of  the  val  v< 
box,  with  a  ring  of  india-rubber  inserted  between  this  plate  anc 
the  back  of  the  valve,  to  give  a  little  elasticity. 

It  appears  that  30  inches  diameter  is  somewhere  about  tli< 
most  convenient  size  for  a  stroke  of  2  feet,  and  as  it  is  considere< 
an  advantage  to  have  the  stroke  as  short  as  possible,  to  increaa 
the  regularity  of  the  blast,  the  comparative  cost  of  the  difieren 
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vrhioh  follows  has  been  taken  upon  this 
rlinders  and  2-30  inch  blowing  cylinders,  < 
re  of  the  boilers)  about  £400,  being  reel 
e  of  our  largest  furnaces,  making  160  t< 
id  having  a  surplus  equal  to  blowing  a  cu] 
erallj  allowed,  as  such  an  engine  would  { 
tte  the  same  speed  of  piston  as  in  the  ex 
)  circular  inches  of  tuyere,  at  a  pressure  o 
Lch ;  the  circular  inch  is  used  in  speaking 
6  the  blast  that  any  furnace  is  taking  is  ui 
Y  squaring  the  -diameter  of  the  tuyere,  I 
on  the  square  inch. 

speriments  on  which  these  calculations 
een  made  upwards  of  12  months  ago,  we 
d  the  results  were  found  to  be  as  nearly  a 
I  the  same,  the  blowing  cylinder  had  i 
ving  the  lathes  in  the  pattern  shop,  and 
rfect.  An  indicator  was  applied  with  a  ' 
)f  Mction  of  the  air  in  entering  the  cylin 
and  a  simple  method  was  adopted  of  as 
i  was  made  as  large  as  the  inlet  port^  and 
o  nearly  qv  quite  700  feet  per  minute,  "? 
i  pressure  of  |-  of  a  lb.  per  square  inch,  an( 
«  the  same  through  the  same  sized  ope 
s,  it  follows  that  the  loss  by  friction  oi 
Z\  lbs.  per  inch,  would  be  ^th  or  6f  per  c 
his  case  was  y^th  of  the  area,  and  the  port 
ramed  that  the  loss  would  not  exceed  5 
se,  or  indeed  from  any  other  cause,  as  tl 
ig  the  air  through  a  given  sized  tuyere,  at  a 
the  same  in  both  cases, 
inng  up  the  comparison  of  first  cost,  we  i 
Boilers,  which  are  assumed  the  same  in 
nto  account  the  cost  of  the  Engine  House,) 
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deabed  another  Blowing  Cylinder  might  be  added  to  the  Shaft, 
it  a  oomparatiTelj  small  cost 

Beferring  again  to  what  first  drew  the  attention  of  the  writer 
(o  this  sabject^  the  employment  of  small  cylinders  worked  by  the 
pnBore  of  air,  where  it  was  inoonyenient  or  impracticable  to 
employ  shafting ;  it  has  been  found  that  a  12  inch  Air  Cylinder 
with  3Ib.  pressure  attached  to  a  large  Foundry  Crane,  under  which 
15*30  inch  pipes  are  cast  vertically  eyery  ten  hours,  does  the  work 
of  doable  the  number  of  men  that  could  by  any  possibility  work 
fttthecrane. 

This  suggests  the  possibility  of  a  very  considerable  advantage 
to  Railway  Companies,  by  the  use  of  the  proposed  Engines,  as 
the  Blowing  Cylinders  for  compressing  the  air  might  be  attached 
to  the  end  of  the  Piston  Bod  of  any  of  the  small  sized  Engines 
now  laid  up  at  several  Stations,  and  the  air  conveyed  to  the 
nrioas  Cranes,  to  which  Cylinders  inight  be  attached  for  about 
i25  per  Crane,  without  disturbing  the  present  arrangement  for 
the  use  of  manual  power  in  cases  of  emergency.  The  saving  of 
maiuial  labour  by  such  an  arrangement  will  be  best  estimated  by 
the  Managers  of  Goods  Departments,  some  of  whom  are  amongst 
the  Members,  and  with  reference  to  the  Mechanical  application 
of  the  power,  the  writer  hopes  to  have  the  pleasure  of  presenting 
the  Institution  with  another  paper  at  some  future  Meeting. 


The  Chaibman  inquired  if  Mr.  Slate  could  furnish  them 
^rith  any  comparison  of  ihe  advantages  of  the  proposed 
Blowing  Cylinder,  and  the  Fan-blast^  which  had  been  so  well 
<l0Tdoped  by  Mr.  Buckle  at  a  former  Meeting. 

Mh.  Slate  said,  he  had  used  fans  made  accordmg  to  Mr, 
BacUe's  principlei  and  could  speak  to  their  excellence  and 
mpmcrity;    they  were  the  least  expeiue  in  oonBtmotioni 
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Mb.  Dayieb  said,  he  made  an  exhauster  iliat  had  been  used 
eztensiveljfor blowing  copper-melting  furnaces, bnt  he  believed 
ihe  fim  was  preferred,  though  it  gave  less  pressure  of  blast. 

Hb.  Robinson  thought  the  fim-blast  was  best  for  a  cupola, 
and  he  could  not  see  the  reason  why  the  cylinder-blast  should 
not  injure  the  sides  of  the  cupola  more  than  the  fan-blast, 
because  it  had  greater  pressure,  and  must^have  more  power 
to  force  its  way  through  to  the  opposite  side. 

Mb.  Slatb  said,  the  result  of  his  observations  had  been 
that  the  cylinder-blast  caused  the  least  injury  to  the  lining, 
and  he  considered  that  it  forced  its  way  better  amongst  the 
coke  and  material,  on  account  of  its  pressure  being  so  much 
greater  than  the  fan-blast.  He  found  the  lining  of  their 
cupolas  that  had  the  fan-blast  seldom  lasted  more  than  a  few 
days  without  stopping  for  repairs,  but  those  with  the  cylinder^ 
blast  would  work  for  some  weeks  with  only  casual  repairs. 

Mb.  Cowpeb  was  of  a  different  opinion,  and  thought  there 
would  not  be  any  greater  destruction  of  the  lining  with  the 
fan-blast,  unless  there  were  some  other  cause ;  the  circumstance 
of  blowing  with  6  tuyeres  in  the  one  case,  and  only  2  in  the 
other,  might  cause  a  difference.  At  the  London  Works  the 
cupola  was  blown  with  a  fan-blast,  and  had  two  10  inch 
tuyeres  at  5  oz.  pressure,  but  they  did  not  find  the  sides  cut 
away;  on  the  contrary,  with  some  trifling  repairs  each 
morning  before  starting  work,  the  lining  of  the  cupola  lasted 
for  many  weeks.  In  his  opinion  the  fan-blast  was  preferable 
to  the  cylinder-blast  for  a  cupola. 

Mb.  W.  Bxith  remarked,  that  he  did  not  know  any  instance 
of  the  fan  being  applied  to  blast  furnaces  in  that  district,  and 
it  was  for  those  more  particularly  that  Mr.  Slate's  etigine  was 
proposed ;  the  question  raised  by  the  paper,  was  whether  in  the 
ctie  of  blast  furnaces  it  was  better  to  employ  a  small  cylinder 
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at  a  Iiigh  velocitj,  or  a  large  cylinder  at  a  slow  speed.  This 
small  blowing  engine  was  proposed  to  supersede  the  ponderous 
machines  which  were  employed  for  the  purpose  at  the  blast 
furnaces ;  he  considered  it  was  an  important  suggestion,  and  he 
saw  no  reason  why  it  should  not  accomplish  the  object  intended. 

Mb.  Slats  observed^  that  the  practicability  of  working  the 
blowing  cylinder  at  the  quick  speed,  had  been  proved  by  his 
trials  with  a  cylinder  driven  by  indirect  power;  and  although 
he  had  not  yet  been  able  to  try  a  complete  blowing  Engine 
driven  direct  by  a  steam  piston  as  proposed,  there  was  no 
difficulty  to  be  overcome  in  driving  the  piston  at  the  speed 
required,  and  the  cost  of  the  steam  used  would  not  be  increased. 

Mb.  Cowpeb  was  of  opinion  that  the  proposed  quick  motion 
would  give  a  more  regular  blast,  which  was  a  matter  of  great 
importance  as  effecting  the  make  of  iron  ;  but  it  was  a  question 
whether  the  great  speed  at  which  it  was  proposed  to  be  worked, 
would  not  injuriously  affect  the  durability  of  the  working  parts 
of  the  Engine. 

The  Chaibman  did  not  think  there  was  reason  to  fear  anj 
serious  objection  from  that  cause,  when  it  was  borne  in  mind 
that  the  piston  of  a  Locomotive  Engine  frequently  worked  at 
the  velocity  of  800  feet  per  minute,  and  the  proposed  Engine 
would  be  stationary  instead  of  locomotive. 

A  vote  of  thanks  was  passed  to  Mb.  Slate,  who  promised  to 
communicate  the  results  of  further  experiments  on  the  subject. 

The  following  paper  by  Mb.  Shipton,  of  Manchester,  was 
then  read : — 

ON   A   NEW   RECIPROCATING   STEAM    ENGINE. 

The  subject  of  the  present  paper  is  a  Steam  Engine  of  the 
reciprocating  daas,  only  differing  from  the  ordinaay  Engine  in 
0ie  means  adopted  for  obtaining  the  revolving  motion  direct  oat 
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of  the  redalinear  :  the  principle  through  which  power  is  obtained 
being  the  same  as  the  ordinary  Reciprocating  Engine,  viz. — a 
piston  acted  npon  by  steam  being  propeUed  in  a  rectilinear  direo- 
tion  in  a  cylinder  or  steam  chamber,  which  in  the  present  case  is 
iqoare  or  rectangular,  instead  of  circular. 

From  the  many  often  and  unsuccessfdl  attempts  to  obtain  a  con- 
tiniuras  motion  direct  out  of  the  piston,  and  also  the  variety  of 
Kotaiy  Engines  that  have  hitherto  appeared  before  the  public,  it 
is  the  author's  wish  to  point  out  clearly  the  nature  of  this  inven- 
tion in  the  first  place,  so  that  no  impression  may  be  formed  that 
it  is  of  the  Botaiy  class,  but  simply  a  Short  Stroke  Beciprocat- 
ing  Engine,  the  germ  being  "  an  eccentric  revolving  in  its  own 
diameter,"  which  is  nothing  more  or  less  than  the  piston  and  crank 
combined  in  one  body,  and  this  body  containing  in  itself  two  dis- 
tinct motions,  viz. — rectilinear  and  revolving,  both  of  which  mo- 
tions are  common  to  the  ordinary  Engine. 

Feeling  convinced  of  the  economy  and  good  effect  resulting 
from  the  ordinary  Keciprocating  Engine,  it  has  been  the 
inventor's  aim  to  approximate  as  closely  as  possible  to  the  prin- 
ciple, but  they  are  of  opinion  that  many  important  modifications 
t&d  improvements  may  still  be  made;  it  has  been  their 
endeavour, 

Fintly — ^That  the  power  of  the  steam  should  be  conveyed  to 
the  main  shaft  or  axle  in  the  most  direct  and  simple  method, 
(taking  the  oscillating  engine  as  a  fair  example). 

Secondly — ^To  construct  such  an  Engine  that  it  may  with  safety 
be  worked  up  to  an  extraordinary  number  of  revolutions,  without 
causing  the  piston  to  travel  through  an  excessive  amount  of 
space. 

Thirdly — ^To  arrange  such  a  plan  that  the  steam  may  be  used 
eipansively,  without  inconvenience  and  complexity  of  parts. 

Fourthly — To  take  care  that  no  amount  of  the  piston's  surface 
should  be  in  rubbing  contact,  except  that  which  .is  the  real  effec- 
tive portion  under  the  action  of  the  steam,  (which  the  authw 
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considers  is  only  the  case  with  the  common  cylinder  and  piston- 
engine  and  the  one  under  notice,  hence  the  excess  of  friction  in 
most  of  the  former  modifications.) 

Fifthly — To  form  certain  parts  of  the  Engine  to  act  as  fulcruma 
to  the  moving  parts,  so  that  the  whole  lifting  power  may  be 
self-contained,  and  thereby  secure  a  steady,  fixed,  and  imifonn 
motion. 

Sixthly — To  provide  against  any  excess  of  wear  of  one  part 
more  than  another,  and  all  those  parts,  both  internal  and  exter- 
nal, to  be  easily  repaired,  or  even  replaced  without  renewing 
heavy  parts  of  machinery,  such  as  cylinders,  <fec. ;  and  also  that 
no  crooked  forms  and  contiivances  need  be  resoi'ted  to,  to  bring 
back  the  first  motion  into  a  safe  and  useful  form,  such  as  guides 
and  crossheads,  or  parallel  motions,  or  even  the  fact  of  a  piston 
rod  giving  out  its  power  at  a  considerable  angle,  when  the  crank 
is  most  effective,  thus  altogether  depending  upon  the  length  of 
the  connecting  rod,  the  evil  of  using  short  rods  being  generally 
admitted. 

Having  thus  briefly  described  the  views  of  the  inventors,  the 
author  will  proceed  to  show  the  analogy  that  this  Engine  bears 
to  the  Piston  and  Crank  of  the  ordinary  Engine,  and  on  reference 
to  Fig.  1,  Plate  12,  A  is  the  crank  of  an  ordinary  Engine,  on  the 
shaft  C,  in  full  power  or  the  most  effective  position,  and  the 
whole  power  is  conveyed  through  the  line  H,  at  an  angle  varying 
according  to  the  length  of  the  connecting  i-od,  and  the  position  oi 
the  crank. 

It  is  the  author's  opinion,  that  if  steam  could  be  brought  tc 
bear  upon  the  crank  direct,  it  would  be  a  more  simple  and  retAy 
means  than  at  present  in  use,  and  for  the  sake  of  illustration, 
suppose  A  (Fig.  1,  Plate  12)  is  a  crank  filling  up  completely 
between  the  sides  of  the  Steam  Chamber  EF,  and  when  steam  is 
admitted  on  the  top  of  the  crank  A,  as,  indicated  by  the  arrows,  it 
would  move  into  the  position  shewn  by  B ;  but  in  that  position  it 
must  be  observed  that  the  same  crank  wotdd  be  too  short  to 
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fill  up  the  Steam  Chamber,  and,  consequently,  the  steam  would 
rash  by  the  end  D  :  it  therefore  becomes  necessary  to  change 
the  fonn  of  the  crank,  and  to  make  it  such,  that  at  every  posi~ 
ti<m,  the  space  between  EF  may  be  filled  by  it,  which  form  at 
oDce  resolves  itself  into  the  circle  GG,  with  the  shaft  or  axle  G 
piouig  through  it  out  of  the  centre,  thus  far  resembling  the 
oommon  eccentric :  and  it  will  be  seen  that  when  steam  is 
hrooght  to  bear  upon  its  entire  surface,  as  shewn  by  the  arrows, 
it  is  thereby  propelled  bodily,  into  the  dotted  position  II,  and 
firam  the  ietct  of  being  an  eccentric,  a  revolving  motion  is  ob- 
tained during  its  propulsion,  and  here  are  the  piston  and  its  ap- 
pendages, and  also  the  crank  of  the  ordinary  Engine  contained  in 
one  body. 

It  is  immaterial  on  what  form  of  a  piston  the  steam  acts  in 
case  of  bodily  propulsion,  and  for  the  purpose  of  illustrating  this 
Bobject  further,  suppose  the  shaft  or  axle,  and  crank  to  be  dis- 
pensed with,  and  the  steam  to  act  upon  the  circle  GG,  as  shewn 
by  the  arrows ;  this  circle,  or  body,  would  be  propelled  in  a 
vecfciluiear  direction  only,  which  would  have  to  be  converted 
into  revolving  motion  in  the  ordinary  manner,  and  through  a 
number  of  parts.  It  therefore  becomes  a  question,  whether 
the  two  motions  common  to  the  ordinary  Engine,  viz. — ^rectilinear 
•nd  revolving  cannot  be  advantageously  blended  together  in  one 
body. 

figs.  2  and  3,  Plate  12,  shew  Transverse  and  Longitudinal 
BectioiiB  of  the  Engine.  A  is  a  Steam  Chamber,  serving  the 
pQipoBes  of  a  Steam  Cylinder  (therefore  it  will  be  so  denominated 
in  the  following  explanation),  and  is  of  cast  iron ;  having  the 
Plate  £  dovetaUed  in  and  fitted  fast,  and  the  Plate  D  fitted  loose 
in  the  parallel  recess,  though  sufficiently  accurate  to  prevent  any 
escape  of  steam ;  the  Plate  D  is  for  the  purpose  of  following  up 
the  inston  as  it  wears,  and  is  adjustable  to  its  work  by  means  of 
sptinge  behind  it,  or  by  the  admission  of  steam  by  a  small  steam- 
pipe,  the  former  mode  being  preferable.    This  plate  also  answers 
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another  purpose — in  cases  of  priming  the  water  in  the  Cylinde 
forces  back  the  plate,  and  rushes  from  one  side  to  the  other  of  thi 
piston  until  it  escapes,  and  thus  preventing  accidents  arising  fron 
this  cause. 

The  circular  ends  of  the  Cylinder  are  left  black  and  unbored 
as  it  will  be  seen  the  periphery  of  the  piston  does  not  come  ij 
contact  with  any  other  part  of  the  Cylinder  but  the  two  Plates  I 
and  E,  and  consequently  the  tedious  and  costly  operation  of  borinj 
the  Cylinder  is  entirely  dispensed  witli.  The  Plates  D  and  E,  oi 
which  the  wear  takes  place  in  the  Cylinder  are  easily  replaces 
at  any  period,  and  can  be  removed  without  taking  any  of  the  rod 
off  by  simply  pushing  the  side  Plates  LL  on  one  side.  Thess 
Plates  LL  are  planed  surfaces,  against  which  the  Piston  ends  nil 
and  the  joint  to  the  Cylinder  is  metallic.  It  will  be  noticed  tha 
these  Plates  have  holes  or  slots  in  them  of  a  peculiar  form,  whicl 
are  for  the  purpose  of  getting  them  over  the  cranks  GG,  thoug] 
a  slot  of  sufficient  size  to  allow  the  shaft  C  to  traverse  clear  woul- 
do,  if  this  were  not  the  case. 

The  Piston  B  is  an  eccentric  keyed  on  the  shaft  C,  and  carrie 
on  the  rods  FF,  vibrating  from  the  crank-shaft  pedestals ;  thi 
piston  is  turned  true  on  the  periphery,  and  in  each  end  are  turn© 
conical  seatings,  into  which  are  fitted  rings  of  metal,  KK  cut  opei 
on  one  side,  and  leaving  a  lap  joint  to  prevent  any  escape  of  steam 
These  rings  are  each  under  the  control  of  a  bolt,  and  can  be  ad 
justed  through  the  slots  in  the  side  Plates  LL  without  removing ; 
single  nut,  and  thus  are  easy  of  access ;  the  peculiar  wear  and  th 
means  adopted  for  obtaining  a  steam-tight  joint  are  worthy  o 
notice,  and  will  be  described  hereafter. 

The  cranks  GG  ai-e  keyed  on  the  shaft  C  at  right  angles  i 
each  other,  and  equidistant  from  a  line  drawn  through  the  oeiitr 
of  shaft  and  centre  of  the  piston,  and  through  these  cranks  th 
power  is  merely  conveyed  through  the  rods  or  drag  links  HH  t 
the  lower  cranks  II  on  the  main  shaft,  but  these  cranks  can  b 
keyed  on  at  any  other  angle,  as  they  only  transmit  the  powei 
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and  consequently  can  be  of  any  suitable  length,  independent  of 
the  stroke  of  the  Engina 

It  will  be  seen  that  the  vibrating  rods  FF  are  earned  on  the 
pedestals  J  J,  which  have  a  gudgeon  turned  in  the  centre  on 
which  the  rod  vibrates,  so  that  aU  the  wear  that  takes  place 
on  this  bearing  is  caused  by  the  vibration  of  the  rod,  which  is 
veiy  slight. 

Steam  is  admitted  by  means  of  a  valve  N  through  the  steam 
ports  or  ways  MM  to  the  top  and  bottom  of  the  piston  alternately, 
the  same  as  in  the  ordinary  Engine ;  though  the  construction  of 
the  valve  shewn  here  is  different,  an  ordinary  slide  valve  would 
'  answer  this  purpose  as  well  as  in  any  Engine,  as  its  office  is 
precisely  the  same.  This  valve  is  on  the  equilibrium  principle, 
and  exhausts  through  the  back,  and  works  between  two  parallel 
planed  surfaces,  the  wear  that  takes  place  being  accommodated 
by  a  ring  of  metal  O  similar  to  that  employed  for  packing  the 
end  of  the  piston;  the  peculiar  advantages  of  this  valve  are, 
bdng  light  and  easy,  and  suitable  for  high  speeds,  ready  exit 
for  the  exhaust  steam  and  extreme  simplicity.  This  valve  is 
worked  by  an  eccentric  Q  keyed  on  the  crank  shaft  P,  and  by 
levets  weigh-shafb,  &c. 

The  cylinder,  &c.,  is  bolted  down  to  a  framing  or  entablature, 
which  can  be  altered  as  desired,  and  the  entire  Engine  is  placed 
on  a  foundation  plate,  and  fixed  in  the  ordinary  manner. 

The  mechanical  difficulties  to  be  encountered  in  this  Engine 
were  the  method  of  keeping  the  piston  steam  tight,  and  also  the 
peculiar  wear  at  the  periphery  and  ends  of  the  piston.  It  will  be 
seen,  that  should  there  be  an  escape  of  steam  it  will  readily  be  per- 
oeived  iBsoing  out  of  the  slot  holes  in  the  side  Plates  LL.  The 
piston  ends  are  made  tight  by  rings  of  metal  KK  fitted  into  a 
conical  seating  as  before  described.  These  rings  are  cast  open 
and  drawn  together  by  a  bolt  after  the  joint  is  filed  square ;  and 
it  entirely  depends  upon  this  joint  whether  the  ring  be  steam- 
tight,  as  if  it  be  not  true  the  ring  will  be  drawn  out  of  its  natural 
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shape,  and  when  released  after  it  has  been  turned  tnie,  it  will 
spring  back  to  its  own  shape,  therefore  it  is  prefferable  to  file  the 
joint  in  such  a  manner  that  the  ends  of  the  ring  may  have  a 
tendency  to  spring  outward,  and  thus  the  difficulty  is  removed. 
It  will  be  seen  that  the  motion  on  the  piston  ends  is  an  elliptical 
one,  and  from  the  fact  of  the  rings  being  disconnected  with  the 
piston  they  are  at  liberty  to  move  in  their  seating,  and  the  pecu- 
liar motion,  viz. — ellipses  of  all  sizes,  varying  according  to  the 
proximity  to  the  centre  on  which  the  piston  turns,  causes  the 
rings  slowly  and  gradually  to  traverse  round  in  fcheir  seatings, 
thus  accomplishing  a  most  desirable  object,  that  no  two  surfaces 
go  over  the  same  lines  twice  together. 

The  periphery  of  the  piston  has  likewise  a  beautiful  wear,  as 
it  will  be  seen  at  the  same  time  it  is  revolving  it  is  passing  up 
and  down  the  Plates  D£  the  length  of  the  stroke,  and  from  this 
motion  excessive  wear  is  not  anticipated. 

The  author  will  be  glad  to  lay  before  a  future  meeting  further 
information  respecting  this  Engine,  and  its  application  to  various 
puri)08es. 


Mb.  Shiftok  and  Mb.  Simpson  exhibited  and  explained 
some  Models  illustrating  the  peculiar  features  of  the  invention, 
and  shewed  the  front  plate  of  the  steam  chamber  and  ihe 
conical  packing  .of  ihe  piston^  taken  from  an  engine  that  had 
been  at  work  for  seven  months,  which  were  not  perceptibly 
worn. 

The  Chatkman  enquired  what  engines  of  the  kind  were  at 
work,  and  what  were  the  results. 

Mb.  Simpson  said  they  had  one  engine  at  work  at  Wolver- 
hampton, driving  a  saw  mill,  which  had  worked  well  for  seven 
months,  but  there  was  not  the  means  of  estimating  its  com- 
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paratiYQ  economj.  Thej  had  another  at  Manchester,  working 
bj  ilie  side  of  an  ordinary  high-pressnre  engine ;  these  two 
Engines  were  employed  alternately  to  drive  a  large  Fan  7  feet 
diameter,  with  15  arms,  running  about  600  revolutions  per 
minnte,  and  it  was  found  by  repeated  trials  from  the  quantity  of 
coals  consumed,  that  there  was  an  advantage  of  10^  per  cent, 
in  favour  of  their  engine ;  the  same  work  being  done,  and  the 
same  boilers  used  in  both  cases.  The  other  engine  was  not  a 
new  one,  but  had  been  put  into  thoroughly  good  condition  in 
every  respect,  for  the  purpose  of  the  comparative  trial. 

In  reply  to  Mr.  Bobinson's  enquiry,  Mr.  Shipton  said,  the 
new  engine  had  been  patented  about  two  years. 

Mr.  Robinson  remembered  a  sketch  that  had  been  made 
some  years  before,  of  an  engine  exactly  similar  in  principle, 
except  that  the  cylinder  oscillated  instead  of  the  eccentric 
piston ;  but  it  had  not  been  carried  out  or  published.  He 
thought  the  engine  was  essentially  a  Rotary  Engine,  though 
tenned  a  Reciprocating  one  ;  he  considered  it  liable  to  a  defect 
in  the  packing,  that  the  steam  would  leak  through  behind  the 
packing  plate  at  the  side  of  the  steam  chamber. 

Mr.  W.  Smith  said,  he  had  inspected  the  engine  at  Wolver- 
bampton ;  it  was  a  very  neat  machine  and  worked  well,  but 
it  was  doing  so  little  work  at  the  time  for  the  size  of  the 
boiler,  that  he  could  not  form  an  opinion  about  its  economy. 
He  should  like  to  see  one  of  these  engines  applied  to  a  loco- 
motive for  a  month  or  two,  which  would  afford  the  best  test 
of  its  utility  and  economy. 

Mb.  Slatb  thought  there  would  be  a  considerable  wear  at 
the  lower  bearings  of  the  two  vibrating  rods  that  carried  the 
piston,  as  the  wear  was  generally  found  to  be  greater  where 
there  was  a  very  small  extent  of  motion,  than  where  the 
nolion  was  longer,  for  though  the  vibration  was  very  small 
the  (nction  was  great. 
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Mb.  Simpson  replied,  that  the  wear  could  not  be  more  thi 
in  the  case  of  the  centre  of  an  engine  beam,  or  the  side  ro 
of  a  marine  engine. 

Mr.  Shipton  stated  in  reply  to  an  enquiry,  that  the  engi 
worked  110  revolutions  per  minute,  being  a  velocity  of  abc 
200  feet  per  minute,  but  they  had  worked  the  same  engi 
without  difficulty  as  high  as  400  feet  per  minute. 

Mr.  Robinson  observed,  that  he  had  not  an  unfavoural 
opinion  of  the  Engine,  for  he  thought  if  they  could  by  go 
workmanship  avoid  leakage,  a  good  Engine  might  be  made 
it ;  at  the  same  time  the  difficulty  experienced  by  others 
Rotary  Engines  would  not  be  solved  until  they  made  a  lar 
Condensing  Engine,  that  would  work  at  slow  speed. 

Mr.  Shipton  said,  he  did  not  think  there  was  a  leakage 
steam  behind  the  packing  plate  of  the  cyUnder  as  mention 
by  Mr.  Robinson,  and  they  had  tried  letting  in  the  steam 
the  back  of  the  plate,  instead  of  using  a  spring  to  press 
against  the  eccentric  piston ;  but  they  considered  a  spri; 
was  preferable. 

Mr.  C.  Cowper  observed,  that  though  the  steam  leak 
out  of  the  cylinder  at  one  end  of  the  packing  plate,  it  mig 
be  prevented  from  passing  the  other  end  of  the  plate,  by  t 
pressure  from  the  friction  of  the  eccentric  piston. 

Mk.  W.  Smit^  enquired  what  pressure  of  steam  wor 
drive  the  Engine  alone,  without  any  load ;  and  Mr.  Shipti 
replied  that  one  engine  of  15  Horse-power,  when  quite  n( 
was  driven  alone  with  5  lbs.  steam  in  the  boiler,  which  woi 
probably  be  only  3  lbs.  per  inch  at  the  engine,  on  account 
the  length  of  the  connecting  pipe. 

Mr.  Slate  remarked,  that  this  pressure  would  be  no  criteri 
of  the  relative  friction  of  the  Engine,  as  different  sized  engis 
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were  very  different  in  the  pressure  they  required  to  overcome 
the  friction. 

Mb.  Davies  observed  that  in  many  Reciprocating  Engines, 
3^  lbs.  steam  was  sniHcient  to  start  them.  He  did  not  con- 
sider this  engine  was  a  rotary  one,  as  there  were  two  distinct 
motions  in  it. 

The  Chaibm AN  said  the  proper  test  of  comparison  would  be 
to  ascertain  the  relative  amount  of  friction  per  horse-power 
in  each  engine,  taking  the  new  engine  and  an  ordinary  one 
of  the  same  power,  and  measuring  the  actual  power  of  each 
by  a  dynamometer. 

Mb.  Robinson  remarked  that  in  order  to  obtain  accurate 
results  they  must  not  only  try  the  engines  by  a  dynamometer, 
but  take  indicator  cards. 

The  Chairman  considered  that  both  means  were  requisite 
for  a  correct  comparison  between  the  engines,  to  ascertain 
their  relative  absorption  of  power,  by  measuring  accurately 
the  power  employed  by  means  of  an  indicator,  and  the  effect 
produced  by  means  of  a  dynamometer.  He  observed  that 
they  would  be  glad  to  receive  the  results  of  such  a  trial  of 
the  Engine  described  in  the  paper,  and  proposed  a  vote  of 
thanks  to  the  author,  which  was  passed. 

The  following  paper,  by  Mr.  Thomas  Thobnbtcroft,  of 
Wolyerhampton,  was  then  read, 

ON  THE  FORM  OF  SHAFTS  AND  AXLES. 

In  order  to  arrive  at  proper  proportions  for  any  of  those  prin- 
ctjde  media  of  power,  which  are  so  fully  employed  in  almost 
•verj  branch  of  manufacturing  science  peculiar  to  this  kingdom, 
two  or  three  leading  points  obtain,  as  axioms  on  which  to  reason, 
in  order  to  anive  at  satisfactory  results. 
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Taking,  for  instance,  Iron  as  the  material  in  question,  it 
required  to  apply  it  in  an  entire  new  sphere  of  mechanic 
movement;  the  first  leading  point  for  examination  ia  the  la 
which  limits  the  Tensile  and  Compressiye  powers  of  tb 
material,  and  should  the  yarious  forces  which  are  about  to  I 
put  into  operation,  be  by  any  means  calculable  quantities,  tl 
Tensile  and  Compressive  powers  of  the  material  being  dete 
mined,  there  is  before  us  an  easy  mode  of  arriving  at  satisfaotoi 
results. 

It  has,  however,  been  found  of  equal  importance  thorough] 
to  investigate  tHe  cause  of  eveiy  failure  in  this  material,  an 
mark  those  parts  where  the  greatest  amount  of  weaknei 
appeared,  so  that  in  re-construction,  the  simple  laws  of  strengtl 
as  determined  by  experiments,  are  applied  in  connexion  wit 
the  results  of  practice,  in  producing  principles  of  form,  an 
mechanical  arrangement,  better  and  safer  than  either  of  thei 
alone  would  have  done:  yet,  notwithstanding  that  by  thei 
means  safer  results  have  been  obtained  and  brought  into  ua 
from  the  rapid  advance  of  mechanical  contrivance,  the  movin 
parts  of  machinery  are  being  daily  subjected  to  untried  an 
incalculable  forces;  hence  the  necessity  of  xmiting  to  fonn< 
experiments  and  practice,  experiments  and  contrivances,  t 
closely  analagous  to  the  peculiar  circumstances  which  are  f  oun 
to  operate  so  powerfully  in  deteriorating  and  destroying  thf 
most  valuable  material  now  under  consideration. 

It  would  be  deeply  interesting  to  trace  the  many  change 
which  have  taken  place  in  the  formation  of  the  various  stni< 
tures,  both  of  Cast  and  Wrought  Iron,  which  have  been  brougl 
into  use  during  the  last  fifty  years ;  some  of  these  remain  to  th 
present  monuments  of  the  skill  of  their  projectors,  and  at  it 
same  time  proofs  of  the  soundness  of  the  principles  on  whic 
they  have  been  constructed:  on  others,  causes  have  been  i 
constant    operation,    gradually    reducing    the    strength    of   tl 
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introduction  of  the  Slide  Lathe,  the  Shafting  employed  in  tb 
spinning  manufactories  was  a  constant  source  of  vexation  an 
expense,  the  want  of  that  perfect  parallelism  which  is  no^ 
obtained,  exposed  the  Shaft  to  vibration  or  bending  at  every  rev< 
lution,  the  consequence  was,  constant  fractures.  The  same  resuli 
have  been  observed  and  recorded  in  reference  to  the  shafting  i 
use  in  the  iron  works  of  this  district ;  and  if  we  pass  to  the  Mai 
Shafts  of  Water  WTieels,  or  the  Intermediate  Shafts  of  Marir 
Engines,  we  see  that  what  at  one  period  of  their  history  wi 
considered  good  in  principle,  (viz. — Paralled  Shafts,)  have  had  i 
give  place  to  others,  more  generally  of  increased  diameter  at  tk 
centre,  or  if  parallel  greatly  in  excess  of  former  practice.  Perhaj 
no  better  case  could  be  selected  than  that  of  the  Intermedial 
Shaft  of  a  Marine  Engine  to  illustrate  the  subject  now  befoi 
the  Institution,  for  there  might  be  traced  an  almost  perfet 
agreement  in  all  the  forces  which  act  upon  that  Shaft,  and  on  tl 
Axles  of  either  Engines  or  carriages  on  a  Railway. 

The  author  of  this  paper  being  a  manufacturer  of  Railwa 
Axles,  has  had  his  attention  drawn  to  the  subject  of  the  form  ( 
Axles  for  some  considerable  time;  and  from  his  knowledge  < 
the  properties  of  iron,  and  his  observations  of  the  fractures  i 
Shafts  and  Axles,  has  concluded,  that  various  forms  of  Shaf 
and  Axles  possess  elements  of  self-destruction— that  the  fractun 
which  take  place  are  generally  confined  to  given  parts,  and  thi 
those  parts  where  fractures  take  place,  exhibit  errors  of  meehan 
cal  construction,  or  errors  of  mechanical  arrangement,  when  i 
motion. 

A  very  extensive  course  of  experiments  has  been  gone  throng 
by  the  author,  approximating  as  cloeely  as  possible  to  the  foro 
on  Axles  when  in  use ;  and  these  have  satisfied  his  mind,  thi 
just  in  proportion  as  there  are  departures  from  certain  fixed  pri 
ciples  of  construction  in  either  Shafts  or  Axles,  in  the  same  pr 
portion  will  be  their  liability  to  fracture. 

Before  passing  to  an  examination  of  the  experiments,  it  mi 
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out  a  permanent  set,  was  *232  inches,  the  load  carried  7  tons. 
An  Axle  reduced  to  4  inches  in  the  middle,  and  then  placed  upon 
the ,  Props  4  feet  9  inches  apart,  its  utmost  deflection  without  a 
permanent  set  was  '281  inches,  the  load  carried  9  tons. 
Another  Axle,  but  parallel,  ^^^  inches  diameter,  was  placed  upon 
the  Props  4  feet  9  inches  apart,  its  utmost  deflection,  without  a 
permanent  set,  was  '343  inches,  the  load  carried  14  tons. 
Hence,  by  reducing  an  Axle  of  4j^  inches  diameter  in  the  middle 
to  3|  inches,  its  limit  of  elasticity  is  reduced  from  *343  inches  to 
'232  inches,  and  the  load  to  produce  that  elasticity  from  14 
to  7  tons.  Fig.  1,  Plate  13,  shews  the  position  of  the  Wheels  to 
the  Rails  when  the  bending  of  the  Axle  has  exceeded  its  elastic 
limit. 

The  object  of  the  second  experiment  was  to  ascertain  what  in- 
fluence the  reduction  of  an  Axle  in  the  middle  would  have  on  its 
strength  to  resist  sudden  impact,  compared  to  an  unreduced  one  ; 
this  Axle  was  made  as  represented  by  Fig.  3,  which  shews  the  end  A 
parallel  to  the  centre  4j^  inches  diameter,  and  the  end  B  is  drawn 
down  from  the  back  of  the  Wheel  towards  the  centre,  where  it  is  4 
inches  diameter.  The  end  A  was  then  subjected  to  impact — ^the 
relative  position  of  Prop  and  Bam  was  the  back  of  the  Wheel 
and  the  neck  of  the  Journal,  this  End  received  46  blows  of  the 
Bam,  and  bent  to  an  angle  of  18**.  The  end  B  was  then  subjected 
to  impact — ^the  Prop  and  Bam  in  the  same  relative  position, 
when  it  bent  back  to  an  angle  of  22^  with  only  16  blows  of 
the  Bam,  (as  shewn  by  the  dotted  lines  in  Fig.  2.)  The  object 
of  the  third  experiment  was  to  ascertain  what  influence  a  Shoulder 
behind  the  Wheel  would  have  on  the  strength  of  the  Axle  at  that 
part  compared  to  one  without  a  Shoulder.  Fig.  3  and  4  were 
one  Axle  cut  in  two,  the  end  E  was  turned  from  the  neck  of  the 
Journal,  leaving  a  Shoulder  |th  inch  deep  as  a  stop  to  the  wheel ; 
the  end  F  was  turned  from  the  neck  of  the  Journal  to  the  same 
diameter,  but  no  Shoulder  left.  The  end  E  was  subjected  to 
Hydraulic  pressure,  the  load  being  in  a  direct  line  with  the 
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Shoulder,  when  it  broke  in  two  with  a  load  of  60  tons.  The 
end  P  was  subjected  in  the  same  way  to  Hydraulic  pressure,  when 
it  bent  into  the  form  shewn  by  the  dotted  lines,  with  84  tons. 
The  object  of  the  fourth  experiment  was  to  ascertain  what  influence 
the  position  of  the  Wheel  in  relation  to  the  neck  of  the  journal 
^^d  have  on  the  strength  of  the  Journal  under  impact  Fig  5 
vas  a  piece  of  an  Axle,  with  a  Journal  taken  down  at  each  end ; 
the  end  6  was  keyed  into  a  cast  iron  frame,  the  face  of  the  frame 
in  a  line  with  the  neck  of  the  Journal,  the  Journal  was  then  sub- 
jected to  the  impact  of  a  Ram  falling  10  feet,  when  it  broke  off 
at  the  7th  blow.  The  end  H  was  keyed  into  the  cast  iron  frame 
in  the  same  way,  but  with  the  neck  of  the  Journal  projecting  1| 
inches  from  the  face  of  the  frame,  the  Journal  was  then  subjected 
to  the  impact  of  the  same  Ram  falling  10  feet,  when  it  broke  at 
the  24th  blow. 

Fran  these  experiments,  and  from  the  acknowledged  deterio- 
rating influence  of  vibration  or  bending  on  iron,  especially  when 
oontinued  any  great  length  of  time,  it  is  the  author's  opinion 
that  neither  Shafts  nor  Railway  Axles  ought  to  reduced  in  the 
middle,  but  rather,  H  there  is  to  be  a  departure  from  the  parallel 
form,  they  should  be  made  thickest  in  the  middle,  and  thus 
effectoally  prevent  any  vibration  or  bending  whatever ;  for  it  is 
the  introduction  of  this  principle  into  almost  every  description 
of  Beam  and  Girder,  also  into  the  Connecting  Rods  of  every 
description  of  Steam  Engine,  and  into  a  large  quantity  of  the 
Shafting  now  in  use,  that  has  rendered  the  whoj^jk*  of  these 
tttides  so  superior  in  point  of  durability,  to  what  they  were 
when  other  principles  of  form  were  in  use. 


K&.  Thobnbtcbovt  gave  a  further  illustration  of  the  paper 
by  reference  to  several  specimens  of  axles  which  were  exhibited 
to  the  meeting.  Haying  obtained  an  axle  which  had  a  shoulder 
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at  both  ends,  he  tamed  the  shonlder  off  one  end  but  left  it 
the  other,  and  he  found  that  in  the  instance  where  the  shoul 
was  turned  off,  it  required  a  pressure  of  120  tons  to  breai 
and  1^  inch  deflection ;  while  the  other  end,  where  the  shoul 
was  not  turned  off,  broke  with  a  pressure  of  105  tons  and  \ 
an  inch  deflection. 

The  Chairman  observed  that,  as  there  was  not  time  for 
discussion  of  the  paper  at  that  meeting,  it  had  better 
adjourned  to  the  next  meeting,  more  especially  in  the  abse 
of  their  President,  who  took  so  great  an  interest  in 
subject, 

Mb.  Thobnetcroft  said,  that  between  that  time  and 
next  meeting,  he  should  be  happy  if  any  members  of 
Institution  would  visit  his  works,  and  test  the  truth  of 
positions  advanced  in  his  paper,  and  suggest  any  o1 
experiments  to  investigate  the  subject 

A  vote  of  thanks  having  been  passed  to  Mb.  Thornetcb< 
for  his  communication — 

The  Chairman  announced,  that  the  Committee  appoii 
to  consider  the  best  means  of  perpetuating  the  memor 
their  late  President,  Mr.  George  Stephenson,  were  not  as 
prepared  to  submit  a  definite  proposition  as  regarded 
form  in  which  the  memorial  should  be  carried  out ;  but  t 
would  soon  be  in  a  position  to  do  so,  and  he  was  happ 
state  that  the  movement  which  originated  with  this  Institu 
would  be  carried  into  effect  as  a  general  one,  as  a  numbe 
the  personal  friends  of  Mr.  Stephenson,  who  by  their  na 
and  position  would  carry  great  influence,  had  joined 
Committee  appointed  by  the  Institution  and  determines 
unite  in  their  exertions,  and  he  had  no  doubt  that  the  re 
would  be  the  erection  of  a  suitable  testimonial  to  the  men 
of  so  great  a  man. 
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The  Chaibmah  then  announoed  that  the  ballot  lists  had 
been  opened  by  the  committee  appointed  for  the  purpose,  and 
the  following  new  members,  &c.,  were  duly  elected : — 

Membebs. 
John  Bbown,  Sheffield. 
John  Hartley,  Wolverhampton* 

Graduates. 
George  Gltdon,  Birmingham. 
Walter  Williams,  Jun.,  West  Bromwich. 

The  meeting  then  terminated. 
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Mr.  James  A.  Shipton,  of  Manchester,  was  proposed  by  W 
Bowman  for  one  of  the  Council,  and  no  other  names  havii 
been  added  by  the  Meeting,  the  list  was  adopted. 

The  Secretary  then  read  the  following  supplementa 
paper,  by  Mr.  Thomas  Thomeycroft,  of  Wolverhampton  :- 

ON  THE  FORM  OP  RAILWAT  AXLEa 

Since  the  reading  of  the  paper  on  the  form  of  RailN^ray  Axles,  i 
author  has  had  his  attention  specially  directed  to  some  of  th< 
points  which  it  was  the  object  of  the  paper  to  introduce  8 
support. 

In  that  paper,  as  well  as  others  on  the  same  Bubject^ 
parallel  had  been  drawn  between  the  Railway  Axle,  and  the  Gir 
as  being  somewhat  alike  in  principle ;  admitting  the  correctr 
of  this  opinion,  the  question  would  arise,  why  is  the  princi 
upon  which  every  girder  is  made  departed  from  in  the  case  of 
Axle?  If  it  is  pleaded  that  the  close  proximity  of  the  p 
and  load,  and  these  acting  at  the  extreme  ends  of  the  Axle, 
justified  this  departure  from  the  Girder  principle ;  then  it  mi 
be  expected  that  girders  loaded  under  veiy  similar  circumstai 
would  in  like  manner  be  reduced  in  the  middle ;  but  not  so ;  i 
case  in  point,  reference  might  be  made  to  the  girders  wl 
suspended  those  parts  of  the  Britannia  Tubes  which  pass  thro 
the  towers,  where  the  prop  and  load  are  at  the  extreme  end 
the  girder,  and  within  a  few  inches  of  each  other;  yet  tl 
girders  are  parallel,  although  for  a  distance  equal  to  the  wi 
of  the  tube  there  is  no  load  whatever. 

Ihe  principal  reason  which  has  been  assigned  for  redu< 
axles  in  the  middle,  is  the  supposition  that  when  parallel, 
effect  of  the  forces  from  lateral  and  vertical  percussion  tendE 
break  the  Axle  behind  the  Wheel ;  that  being  the  point  wl 
the  greatest  amount  of  fractures  have  taken  place :  the  authc 
however  of  opinion,  that  the  simple  and  only  cause  of  the  fractur 
axles  at  that  particular  point  is  the  shoulder,  which  it  has  \ 
the  practice  to  leave  on  the  axle  as  a  stop  to  the  wheel ;  some  of 
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experiments  now  before  the  Institution  proye  at  least,  tibat  where 
a  shoulder  exists  the  strength  of  the  axle  is  reduced  more  than 
ooft-lialf,  which  affords  presumptive  proof  that  there  are  other 
causes  in  constant  operation  (beside  the  arrestment  of  the  wave  of 
vibration),  inducing  fi*acture  at  that  particular  point. 

It  has  now  beoome  the  opinion  of  some  Engineers  that  in  every 
case  of  oolHsion  or  other  derangements  of  a  Train  when 
ia  motion,  that  axles  reduced  smaller  in  the  middle  are  unable 
to  keep  their  form,  and  that  such  axles  exposed  to  violent  lateral 
blovs  are  easily  sent  beyond  the  limit  of  their  elasticity,  the 
coQseqaenoe  is  the  wheels  leave  the  rails  and  contribute  directly 
to  greater  damage  than  would  ensue  were  the  train  to  keep  the 
line. 

A  short  time  ago  some  disarrangement  of  a  Train  took  place 
on  the  Shrewsbury  and  Birmingham  Railway,  in  which  case 
three  or  four  carriages  were  nearly  broken  to  pieces ;  the  axles 
of  these  carriages  were  all  reduced  in  the  middle,  and  nearly  all 
of  them  were  more  or  less  bent,  while  .some  of  the  carriages  in 
the  same  train  with  parallel  axles  suffered  little  or  no  damage, 
and  there  was  not  one  parallel  axle  bent  in  the  slightest  degree. 
Snch  a  result  might  have  been  anticipated  when  it  is  remembered, 
that  the  resLstance  which  the  middle  of  an  Axle  offers  to  a  bend- 
ing force  is  as  the  cube  of  its  diameter.  Hence,  if  we  take  the 
<hameter  of  the  centre  of  a  reduced  Axle  at  2|  inches,  the  cube  of 
▼hich  is  18*08,  and  then  take  the  diameter  of  a  parallel  Axle 
of  the  same  weight,  which  would  be  3^  inches,  the  cube  of  which 
is  34*32,  we  find  that  with  the  same  quantity  of  material 
the  parallel  axle  has  the  advantage  of  the  reduced  one,  to  resist 
^  the  forces  to  which  axles  are  subject  by  90  per  cent.  So 
early  as  1842  the  Mechanical  Section  of  the  British  Association 
liad  the  subject  of  the  fracture  of  Railway  Axles  fully  discussed, 
aiW  a  number  of  excellent  remarks  by  Mr.  Nasmyth  on  the 
different  causes  which  tended  to  destroy  the  fibre  of  iron,  and 
I'ender  it  brittle;  he  observed,  that  simply  nicking  iron  to  the 
octent  of  ofnly  j^ih.  of  the  area  took  away  -^th  of  its  strength : 
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Mr.  Fairbaim  at  the  same  time  expressed  his  opinion  that  the  iv) 
chief  causes  of  the  breakage  of  Railway  Axles  were  bending  ar 
percussion,  these  changed  the  fibreus  to  the  crystalline  stnictur 
In  a  paper  read  by  Mr.  J.  O.  York  before  the  Institution  of  Cvf 
Engineers  in  1843,  reference  was  made  to  the  fleeting  bars  used  i 
levers  for  turning  the  large  screws  for  forcing  forward  the  shie 
in  the  Thames  Tunnel,  that  they  never  lasted  longer  than  three  < 
four  weeks,  although  very  strong  and  made  from  the  best  material 
and  that  when  fracture  took  place  they  exhibited  a  bright  crysti 
lized  appearance,  clearly  shewing  that  oft  repeated  bendii 
without  any  concussion  had  destroyed  the  fibre  of  the  iron,  ai 
rendered  it  quite  brittle. 

A  mass  of  evidence  might  be  adduced  to  prove  that  the  interc 
structure  of  iron  undergoes  no  change,  luiless  there  be  a  change 
form ;  and  that  simple  jarring  or  vibration  will  not  destroy  t 
fibre  of  iron,  whereas  bending,  if  long  continued,  will  chan 
the  most  fibrous  iron  into  crystalline,  therefore  the  author  wo\] 
fully  subscribe  to  the  opinion  of  one  of  the  Railway  Ck)mmissione 
who  has  stated,  "  that  it  was  of  importance  to  avoid  deflection 
Railway  Axles,  as  deflection  was  almost  as  fatal  as  fracture 
causing  accidents." 


Mr.  Thorneycroft  gave  an  explanation  of  the  experimei 
which  he  had  laid  before  the  preceding  meeting,  and  the  spei 
men  axles  exhibited  on  the  table.  Supposing  that  an  a: 
bent  in  the  centre,  it  must  have  a  tendency  to  throw  i 
wheels  off  the  line ;  and  as  every  time  it  turned  round  it  woi 
bend  backwards  and  forwards,  if  it  were  bent  more  than  t 
point  of  elasticity,  it  would  have  a  tendency  to  snap  off  at  \ 
point  where  it  was  firmly  fixed.  If  the  axle  were  bent  beyo 
its  elastic  limit,  it  would   take  a  set  and  would  not  co; 
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pletely  go  back  again;  and,  consequently,  as  the  bending 
would  alter  the  shape,  as  there  was  a  constant  action  going  on 
it  would  have  a  tendency  to  produce  permanent  injury  of  the 
iroD,  and  in  time  it  would  break  off  short,  because  whenever 
there  was  an  alteration  from  the  fibrous  into  the  crystalline 
state,  it  would  snap  off  at  the  point  where  it  was  rigidly  fixed, 
namely — at  the  inside  part  of  the  wheels.  The  object  was  to 
get  at  the  best  form  of  axle  possible,  and  to  shew  that  there 
might  be  improvements  in  the  generality  of  axles  at  present 
used.  Axles  had  generally  been  reduced  in  the  middle,  but 
the  experiments  appeared  to  shew  that  in  point  of  security 
great  advantages  would  be  gained  by  making  the  axle  parallel 
aD  the  way  along  instead  of  reduced  in  the  middle,  since  the 
latter  were  found  very  frequently  to  snap  close  to  the  wheels. 

Hb.  Bowman  expressed  his  opinion,  that  it  was  unphilo- 
lophical  and  unmechanical  either  to  reduce  axles  in  the 
middle,  or  to  make  a  shoulder  behind  the  wheel.  He  con* 
Bidered  the  reduction  of  an  axle  in  the  middle  must  have  a 
tendency  to  reduce  its  strength ;  and  that  by  taking  away 
the  shoulder  from  behind  the  wheel,  the  principle  cause  of 
fracture  at  that  point  would  be  removed. 

Ub.  Slats  fully  agreed  with  the  view  expressed  as  to  the 
removal  of  the  shoulder  behind  the  wheel,  but  if  the  illustra- 
tion given  in  the  paper  derived  from  the  girder  suggested 
aojthbg,  he  thought  it  was  like  strengthening  a  girder  in 
the  middle  when  it  proved  weak  at  the  ends.  When  a  strain 
was  put  on  the  flange  of  the  wheel,  the  point  of  fracture  would 
he  behind  the  wheel ;  but  if  there  were  any  analogy  between 
the  cases  of  the  axle  and  the  girder,  it  would  tend  to  shew 
that  the  axle  would  break  in  the  middle.  The  proposition 
brought  forward-was,  that  if  the  axle  were  made  so  stiff  that 
there  was  no  vibration,  it  would  not  be  so  liable  to  break 
behind  the  wheel ;  but  lie  did  not  conceive  that  any  addition 
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of  strength  in  the  centre  would  produce  strength  hehind  t 
wheel.  Indeed,  where  the  elastic  action  was  the  greatest  t 
fracture  would  take  place,  and  by  making  the  axle  stronger 
the  middle  the  elastic  action  would  be  greatest  at  the  whe 
and  the  liability  to  fracture  at  that  point  would  be  increase 
because  the  flexibility  would  be  confined  to  the  part  at  t 
wheel  instead  of  being  diffused  over  the  whole  axle. 

Mr.  T.  Thornetcroft  remarked,  that  the  girders  allud 
to  were  parallel  all  the  way  along,  and  they  supported  i 
whole  weight  of  the  tube  from  the  two  extreme  ends.  Sac 
also,  was  the  case  with  the  axle  which  supported  the  weig 
not  in  the  middle^  but  at  both  ends. 

Mr.  Paacock  remarked,  that  the  material  must  be  tal 
into  account,  because  the  girder  alluded  to  was  of  cast-in 
and  if  it  had  been  reduced  in  the  centre  the  strength  mi^ 
have  been  injured  before  it  left  the  foundry  by  unequal  cc 
traction  ;  but  in  the  case  of  the  axles,  being  of  wrought-ir( 
there  was  a  great  difference. 

Mr.  T.  Thornetcroft  said)  the  girder  had  to  sustain  a  gr< 
weight,  and  so  had  a  railway  axle ;  and  in  process  of  time  1 
structure  of  the  iron  would  be  injured  by  bending  backwai 
and  forwards.  He  fancied  that  the  object  in  view  was  1 
same  which  he  entertained  in  giving  the  railway  axle  stren^ 
in  the  centre  because  by  bending  they  destroyed  the  origii 
form  of  the  iron,  and  thereby  changed  its  structure,  and  tl 
the  object  was  to  prevent  the  girder  bending  in  the  centre. 

Mb.  Slate  remarked,  that  if  the  girder  were  reduced  in  i 
centre  it  would  be  liable  to  be  broken  there  by  vibration, 
there  was  any  analogy  the  axle  also  would  break  in  1 
centre ;  but  that  was  not  the  fact 

Mb.  Bowman  said,  that  axles  broke  in  the  centre ;  two 
three  cases  had  come  to  his  knowledge,  though  he  had  i 
much  experience  on  railways. 

Digitized  by  VjOOQ IC 


(kmm.  BAILWAT   AZLSS.  9 

The  Chaibmah  observed,  that  as  it  was  an  important 
point,  he  should  liKe  to  elicit  from  such  members  as  had 
experience,  what  number  of  axles  they  had  seen  broken  in 
the  centre. 

Mil  H.  Wright  said^  he  had  never  seen  one,  that  he  was 
aware  of. 

Mb.  Ramsbottom  had  frequently  seen  axles  broken  near 
the  end,  but  had  not  met  with  a  single  case  of  an  axle  break- 
ing, in  the  centre, 

Mb.  Peacock  concurred  with  the  preceding  speaker. 

Mb.  Allan  said,  he  had  seen  a  leading  engine  axle  broken 
within  a  few  inches  of  the  centre,  but  for  that  one  he  had 
Been  probably  500  axles  broken  at  the  wheel. 

Mr.  Owsn  had  seen  some  thousands  of  broken  axles,  but 
he  was  not  aware,  through  many  years  experience,  of  one 
ixle  breaking  directly  in  the  middle. 

Mb.  Hensom  had  never  seen  one  break  in  the  middle,  and 
thought  that  many  thousands  broke  at  the  wheel  compared  to 
one  at  the  middle. 

The  Chaibman  said,  the  result  of  his  experience  fully 
agreed  with  the  preening  observations,  that  it  was  very  rare 
for  axles  to  break  in  the  centre. 

Mb.  T.  Thobnetcroft  inquired  whether  any  member  had 
•een  any  of  the  parallel  axles  broken  close  by  the  nave  of  the 
wheel. 

Mb.  Hekson  said,  he  had  seen  a  large  proportion  of  them 
10  broken ;  some  of  these  had  very  slight  shoulders,  the 
others  larger  ones. 

Mb.  Cowpsr  said,  it  seemed  to  him  that  Mr.  Thorneycroft's 
conclusions  were  arrived  at  by  experiment,  unaided  by  theory. 
In  the  accompanying  sketch,  Fig.  1,  Plate  14,  if  they  took 
A  B  as  the  axis  of  a  railway  axle,  A  and  B  as  the  centres  of 
the  journals^  and  C  as  the  centre  of  one  wheels  they  would 
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have  the  case  of  a  girder  weighted  at  A  and  B,  and  suppori 
at  0 ;  the  proportionate  strength  ought,  therefore,  to  be  as  a  t 
angle  ACD,  and  a  triangle  BCD.  Now  if  they  put  two  of  ih( 
triangles  together,  as  at  E  E,  they  would  at  once  arrive  at  i 
result  that  the  strength  of  the  axle  should  be  uniform  betwe 
the  wheels,  and  consequently  parallel,  and  from  the  wheeb 
the  journals,  the  strength  should  be  as  a  triangle  ;  and  if  tl 
had  merely  to  do  with  a  strain  due  to  the  weight  on  1 
journals  of  the  axle,  these  proportionate  strengths  would 
strictly  correct  But  they  had  another  enemy  to  deal  with 
they  had  to  provide  against  the  lateral  strains  from  1 
flanges  of  the  wheels  suddenly  striking  the  switches  a 
crossings  in  passing  through  them ;  and  this  was  so  mi 
greater  than  the  mere  weight  on  the  axle,  that  it  must 
considered  chiefly  in  determining  the  form  of  an  axle ; 
therefore,  the  Figure  A  C  B  D  were  reserved  on  itself, 
outline  thus  given  would  represent  the  proportionate  strengt] 
an  axle,  as  at  F  F,  which  was  fully  in  accordance  with 
usual  tapered  form  of  axles.  The  actual  diameters  could, 
course,  be  easily  arrived  at,  by  taking  the  cube  root  of 
width  ;  as  it  was  well  known  the  strength  of  solid  cylind 
are  as  the  cubes  of  their  diameters. 

Mb.  Shipton  observed,  that  experience  shewed  that  an  a 
should  be  a  rigid  body  ;  hence  he  understood  the  idea  of 
writer  of  the  paper  to  be — that  elasticity  in  the  centre  tern 
to  ultimate  fracture. 

Mb.  Bowman  said,  the  parallel  axle  was  adopted  to  do  av 
with  the  deflection.  In  the  cases  of  jmrallel  ades  referred 
as  being  broken,  there  were  shoulders  behind  the  wheel,  1 
what  they  wanted  to  find  was  an  instance  of  a  parallel  a 
without  a  shoulder  being  broken. 

Mr.  Slate  observed,  that  he  had  suggested  the  introduct 
of  a  small  shoulder  inside  the  boss  of  the  wheel,  near  the  on 
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side,  (see  A,  Fig.  2,  Plate  14,)  which  he  thought  would  have 
all  the  advantage  of  the  shoulder  at  the  inner  side  of  the  boss, 
without  weakening  the  axle  at  all.  The  wheel  was  to  be  bored 
out  a  tight  fit,  and  forced  on  to  the  axle  by  a  press,  but  the 
first  1|  inch  from  the  inner  side  was  to  be  slightly  coned  as 
shewn  at  B,  so  as  to  remove  the  grip  on  the  axle  from  the 
extreme  edge  of  the  boss,  and  prevent  the  tendency  for  the 
axle  to  break  at  that  point. 

The  Chairman  said,  they  had  found,  a  considerable  time  ago, 
that  in  the  use  of  the  square  shoulder  there  was  a  great 
liabiliiy  to  cause  fracture ;  hence  they  adopted  the  present 
form,  which  is  countersunk  into  the  wheel,  from  the  inner 
edge  of  the  boss,  with  as  small  a  taper  as  possible  :  the  differ- 
ence of  the  axle  in  its  rough  state  and  when  turned  true,  being 
Bofficient  for  the  purpose,  bevilled  off  into  the  wheel,  as  the 
wheel  boss  was  bored  accurately,  and  forced  on  tight  by  a 
hydraulic  press.     The  shoxdder  was  thus  entirely  avoided. 

Mb.  Middleton  observed,  that  he  had  proposed  some  time 
ago  that  a  cone  of  about  one  third  the  length  should  be 
carried  into  the  boss  of  the  wheel,  or  rather  a  large  hollow ; 
asd  in  turning  up  the  axle  he  would  leave  no  shoulder  at  all. 

Hb.  Williams  said,  there  was  no  doubt  a  parallel  axle  would 
be  the  stiffest,  but  the  question  was,  whether  it  was  the  most 
efficient  If  a  bar  of  iron  was  repeatedly  bent  backwards 
and  forwards  in  the  middle,  it  would  certainly  become 
dystalline  and  would  break  in  the  centre;  but  axles  did  not 
break  in  the  centre,  hence  the  illustration  did  not  bold  good. 

Mb.  Cowpeb  remarked,  that  a  parallel  axle  or  bar  of  iron, 
fixed  near  one  end  in  a  vice,  and  worked  about  at  the  other 
end,  would  break  at  the  vice,  no  doubt,  like  the  axles  breaking 
at  the  point  where  they  are  fixed  in  the  boss  of  the  wheel ; 
but  he  could  conceive  the  possibility  of  it  being  reduced  from 
tbat  point  to  the  other  end  in  such  a  taper  that  they  could 
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not  tell  where  it  would  break,  and  it  would  be  equally  strong 
throughout. 

Mb.  H.  Smith  said,  whether  the  shoulder  were  square  or 
not,  he  was  of  opinion  that  axles  were  more  liable  to  break 
at  that  part  than  any  other.  He  might  observe  that  the  axle- 
trees  of  gentlemen's  carriages  were  made  parallel,  and  he 
had  known  many  of  them  broken  in  the  centre  as  well  as  at 
the  shoulder. 

Mb.  Peacock  observed,  there  was  no  doubt  a  collar  behind 
the  wheel  was  bad.  The-  question  was  only,  whether  the  parallel 
axle  or  the  taper  axle  was  best.  He  considered  that  if 
Mr.  Thomeycroft's  experiments  had  been  tried,  by  giving  the 
blow  on  the  wheel  instead  of  the  journal,  he  would  have  arrived 
at  very  different  results,  and  at  results  also  which  bore  much 
more  upon  the  practical  determination  of  the  question.  In  the 
experiment  mentioned,  where  the  short  end  of  an  axle  broke 
off  with  seven  blows,  as  contrasted  with  the  other  end  which 
took  twenty-four  blows  to  break  it,  he  thought  that  the  fracture 
was  not  caused  by  weight  alone,  but  by  vibration,  otherwise 
the  short  end  must  have  borne  a  greater  weight  than  the  long 
projection.  As  the  results  of  the  experiments  did  not  coincide 
with  his  own  experience,  he  would  suggest  to  Mr.  Thomey- 
croft  that  he  should  try  other  experiments,  by  applying  the 
blows  to  the  flange  of  the  wheel  instead  of  the  journal ;  and 
that  he  should  apply  this  test  both  to  the  parallel  and  taper 
axles,  dispensing  with  the  collar  in  both  cases.. 

The  Chairman  referred  to  the  experiments  on  the  form  of 
axles  that  he  had  laid  before  the  Institution  on  a  previous 
occasion,  in  which  he  had  applied  the  force  to  the  edge  of  the 
wheel,  and  the  results  confirmed  the  taper  form  of  axle. 
(See  paper  by  Mr.  M^Connell  in  Proceedings,  October  1849, 
and  January  1850). 

Mb.  G.  B.  Thobketcboft  remarked,  that  it  was  simply  with 
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the  Tiew  of  detenaining  the  most  philoBophical  and  mechanical 
form  of  axle  that  he  had  paid  attention  to  this  snbject  He 
considered  that  a  shonlder,  whether  inside  the  wheel  or  ontside, 
was  decidedly  objectionable.  When  force  was  applied^  either 
bj  pressure  or  by  a  blow  to  a  parallel  bar  of  iron^  it  bent  and 
the  fibres  drew  oat ;  but  the  moment  they  turned  a  shoulder 
in  any  part  of  the  bar,  they  cut  through  the  outer  fibres  of  the 
iron,  and  they  coxdd  not  draw  out  the  inner  from  under  the 
outer  fibres,  and  the  bar  snapped  short  Uke  a  stick.  He  did 
not  maintain  that  the  parallel  axle  never  broke,  but  he  oon- 
odered  that  it  would  take  half  as  much  more  force  to  bend  a 
parallel  axle  as  would  be  sufiicient  to  bend  a  tapered  one. 
Neither  did  be  say  that  axles,  parallel  or  taper,  broke  in  the 
centre ;  he  did  not  think  they  did,  but  that  if  an  axle  was 
prevented  bending  in  the  centre,  strength  and  security  were 
thereby  gained. 

The  Chaibhak  observed,  that  in  order  to  institute  a  fair 
comparison  of  the  relative  strength  of  the  taper  and  the  parallel 
aile,  it  was  necessary  to  take  care  that  the  same  weight  of  iron 
was  employed  between  the  wheels  in  both  cases ;  if  the  parallel 
niie  weighed  more  than  the  taper  axle,  it  was  not  a  fair  com- 
parison of  strength.  The  diagrams  exhibited  did  not  shew  as 
much  strength  of  metal  in  the  taper  as  in  the  parallel  forms. 
Mb.  G.  Thobnetoboft  replied,  that  he  considered  a  parallel 
axle  of  the  same  weight  with  a  taper  axle  would  be  much  the 
stronger. 

Hb.  Bajcsbottom  remarked,  that  the  conclusions  as  to  the 
correct  form  of  axles  arrived  at  by  the  writer  of  the  paper  were 
entirely  difierent  to  his  own  conclusions  and  experience.  He 
always  considered  that,  whether  in  the  case  of  axles  or 
naachinery  of  any  kind,  there  must  be  an  error  in  the  propor- 
tions, if  any  one  could  say  beforehand  at  what  point  a  fracture 
^aa  likely  to  occur.     There  could  not  be  any  question  that  a 
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the  next  meeting,  to  try  farther  experiments  and  lay  the  resnits 
before  the  members.  He  would  take  a  long  axle,  cut  it  into  two 
parts,  each  the  same  weight,  and  reduce  one  in  the  middle,  and 
keep  the  other  parallel  all  the  way  along,  taking  care  that  the 
same  weight  or  metal  should  exist  between  the  props  in  each 
case.  He  invited  members  to  attend  and  inspect  the  experi* 
ments  whilst  they  were  going  forward. 

Mb.  G.  B.  THOBNETCBorr  remarked,  it  was  at  the  point 
where  the  strain  took  place  that  the  axle  broke,  and  experience 
shewed  that  by  bending  iron  frequently  backwards  and  forwards 
it  may  be  rendered  crystalline. 

The  Chaibmak  observed,  that  a  considerable  degree  of  light 

had  been  thrown  upon  the  subject  by  the  discussion.     In  the 

oonducting  of  any  experiments  on  axles,  it  was  necessary  that 

thgr  should  be  subjected  to  natural  blows  or  forces,  as  similar 

IS  possible  to  those  that  they  are  subjected  to  in  practice, 

because  the  point  which  they  wanted  to  ascertain  was  the 

posiiiye  result  in  actual  working.     It  had  been  well  observed 

that  the  wheel  was  the  anvil  or  hammer  from  which  the  axle 

reoeived  its  blow  ;  but,  in  addition  to  this,  there  was  a  jarring 

feroe  as  well  as  a  bending  force,  all  tending  to  break  it.    The 

experiments  that  he  had  previously  made  had  been  con- 

dacted  on  that  principle,  and  the  force  had  been  applied  to 

the  wheels,  which  was  requisite  in  order  to  obtain  true  results. 

As  the  subject  was  one  of  vital  importance  to  railway  interests, 

and  materially  affected  the  question  of  safety  in  travelling,  he 

thought  too  much  attention  could  not  be  bestowed  upon  it ; 

and  the  discussion  had  better  be  adjourned  to  a  future  meeting. 

The   Chaibkan,  in  reference  to  the  succeeding   paper, 

observed,  that  he  had  the  pleasure  of  exhibiting  to  the  meeting 

for  the  first  time,  the  first  Locomotive  Engine  that  was  ever 

made;  to  William  Murdock  was  the  credit  of  it  due,  and  the 

<^gine  before  the  meeting  was  invented  and  constructed  by 

that  mgenious  man,  at  the  early  period  of  1784. 
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The  Mowing  paper,  by  Mr.  William  Buckle,  of  Sofao, 
Birmingham,  was  then  read : — 

ON  THE  INVENTIONS  AND  THE  LIFE  OP 
WILLIAM  MURDOCK 

Thb  late  William  Murdock  was  bom  at  Bellow  Mill,  near  Old 
Cmnnock,  Ayrshire,  in  1754,  where  his  father,  an  ingenious 
man,  carried  on  the  business  of  millwright  and  miUer,  and  also 
occupied  a  farm  on  the  estate  of  the  Boswell  fBonilj  of  Auchinleck, 
hj  whom  he  was  much  esteemed  for  his  integrity  and  ingenuity. 
His  mother's  maiden  name  was  Bruce,  and  she  used  to  boast  of 
being  lineally  descended  from  Hobert  Bruce  of  Scottish  History. 
They  had  several  children  who  died  before  William  Murdock, 
without  shewing  those  talents  that  enabled  him  by  his  inventionsy 
in  so  great  a  degreOi  to  benefit  mankind. 

So  remarkable  a  man,  whose  talents  and  inventions  have 
contributed  to  the  advantage  of  society,  and  whose  ingenuity  was 
80  well  known,  should  not  be  allowed  to  go  out  of  the  world 
without  some  special  notice. — Little  is  known  of  his  habits  and 
pursuits  prior  to  his  joining  the  establishment  of  Messrs.  Boulton 
and  Watt,  at  Soho,  in  the  year  1777,  then  in  its  infancy ;  but 
he  must  before  he  left  his  native  country  have  had  celebrity, 
as  he  was  employed  to  buUd  a  bridge  over  the  Biver  Nith, 
in  Dumfrieehire,  a  very  handsome  structure,  which  still  exists. 

His  talents  were  soon  justly  appreciated  at  Soho,  particularly 
by  the  celebrated  James  Watt,  with  whom  he  continued  on  terms 
of  the  warmest  friendship  to  the  time  of  Mr.  Watt's  death 
in  1819. 

After  a  short  residence  of  about  two  years  at  Soho,  Messrs. 
Boulton  and  Watt  appointed  him  to  superintend  the  erection  and 
undertake  the  general  charge  of  their  Engines  in  Cornwall, 
where  he  erected  the  first  engiue  with  the  separate  condenser  in 
that  district,  and  he  remained  there  giving  great  satisfaction  to 
the  mining  interest  until  the  year  1798.     As  a  proof  of  his  use- 
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falnfiBS,  when  ibe  adventnreis  in  the  mines  heard  of  his  intention 
to  leaTB  Cornwall  and  return  to  Soho,  they  used  all  their 
eodeaYoon  to  retain  his  services,  and  offered  him  £1000  a  jear 
to  remain  in  the  County,  but  his  attachment  to  Soho  and  his 
Soho  Mends,  oould  not  allow  him  to  comply  with  their  urgent 
leqnesL 

In  the  year  1785  he  married  the  daughter  of  Captain  Paynter, 
of  Bedruth,  Cornwall^  and  he  had  four  children,  of  whom  only  one 
80Q  surviTes.    His  wife  died  in  1790,  at  the  early  age  of  24  years. 

In  the  year  1798  Mr.  Murdock  returned  to  take  up  his 
pennanent  residence  at  Soho  Foundry,  and  superintended  the 
erection  of  the  machinery  there,  and  occasionally  the  erection  of 
engines  at  a  distance,  amongst  which  may  be  mentioned  the 
Enginee  of  the  New  Biver  Head,  Lambeth,  Chelsea,  Southwark, 
Esst  London,  West  Middlesex,  and  several  other  Water  Works. 
His  energies  to  further  the  interests  and  celebrity  of  the  Soho 
eBtabliahment  were  not  used  in  vain,  for  they  assisted,  in  no 
ili^t  degree,  in  procuring  for  it  a  name  celebrated  throughout 
the  dvilized  world. — His  time  there,  and  for  years  after,  was  so 
completely  occupied  by  his  mechanical  pursuits,  that  he  had  no 
Idsore  to  devote  to  any  sort  of  recreation.  The  risrog  sun  often 
toond  him  after  a  night  passed  in  incessant  labour  still  at  the 
anvil,  or  turning-lathe,  for  with  his  own  hands  he  would  make 
thoie  articles  he  would  not  trust  to  unskilful  ones. 

Mr.  Watt,  in  his  Notes  on  Dr.  Robinson's  Treatise  on  the 
Steam  Engine,  bears  testimony  to  some  valuable  improvements 
hy  Mr.  Murdock ;  and  others  are  recorded  in  a  Patent  he  took 
oat  m  1799,  which  included — 

1st — Boring  Cylinders  by  means  of  an  endless  screw  working 
into  a  toothed  wheel,  instead  of  spur  gear,  for  the  purpose  of 
producing  a  more  smooth  and  steady  motion. 
2nd.»Steam  Cases  for  Cylinders  cast  in  one  piece  fitted  to 

the  Cylinder  with  a  conical  joint  at  the  top  and  bottom,  instead 

of  being  made  in  separate  segments  bolted  together  with  caulked 

joints,  according  to  the  previous  practice. 
c 
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3rcL — The  Double  D  Slide  VaJve  in  place  of  the  four  poppet 
valves,  in  Mr.  Watt's  Double  Engine  for  the  purpose  of  simpli- 
fying the  construction  and  working,  and  saving  the  loss  of  steam 
in  the  two  steam  chests  at  each  stroke;  also  the  Cylindrical 
Valve  for  the  same  purpose,  with  a  revolving  motion  either  con- 
tinuous, or  reciprocating  through  part  of  a  circle. 

4th. — A  Rotary  Engine  was  also  included  in  this  Patent,  which 
is  shewn  in  Figs.  1  and  2,  Plate  15,  consLsting  of  two  wheels  A. A, 
with  teeth  BB  working  into  each  other,  and  fixed  in  a  case  C, 
which  fits  close  to  the  sides  of  the  two  wheels  and  the  ends  of 
the  teeth,  these  parts  being  made  steam-tight  by  packing  D. 
The  steam  is  admitted  on  the  upper  side  at  E,  and  presses  on 
the  teeth  of  the  two  wheels,  driving  them  round  in  the  direction 
of  the  arrows,  and  passing  out  to  the  condenser  on  the  lower 
side  at  F.  Mr.  Murdock  had  one  of  these  Engines  of  about  a 
half-horse-power  set  to  work  about  1802,  at  the  Soho  Foundry, 
to  drive  the  machines  in  his  private  workshop ;  it  continued 
there  for  about  30  years,  and  often  in  nearly  constant  work,  and 
it  was  found  to  work  well.  This  Engine  is  exhibited  to  the 
present  meeting. 

Now  that  Locomotive  Steam  Engines  have  become  so  exten- 
sively used,  it  is  proper  to  record  that  the  first  was  made  by 
Mr.  Murdock,  upon  the  principle  of  the  non-condensing  engine, 
described  in  the  4th  Article  of  Mr.  Watt's  Specification  of  1769, 
(since  adopted  in  all  engines  for  that  purpose),  and  this  engine 
was  seen  in  1784  by  persons  still  living,  drawing  a  small  model 
waggon  round  a  roqpa  in  his  house  at  Bedruth,  where  he  then 
resided. 

This  original  Locomotive  Engine  was  frequently  exhibited  by 
him  to  friends,  at  his  house,  at  Handsworth,  up  to  the  time  of 
his  death ;  it  is  still  in  working  order,  and  is  exhibited  to  the 
present  meeting,  being  now  66  years  old.  It  was  constructed 
entirely  by  his  own  hands.  The  Engine  is  shewn  in  Figs.  1 
and  2,  Plate  16.  The  Boiler  A  is  made  of  copper,  with  the  fine 
B  passing  obliquely  through  it,  and  is  heated  by  the  spirit  lamp 
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In  the  year  1792  he  employed  Coal  Gaa  for  the  purpose  of 
lighting  his  house  and  offices  at  Kedruth,  in  Cornwall ;  and  this 
appears  to  have  been  the  first  idea  of  applying  the  light  to  useful 
purposes,  although  the  gas  had  been  discovered  and  obtained  both 
naturally  and  artificially  more  than  half  a  century  before. 

Mr.  Murdock  at  that  time  manufactured  the  gas  in  an  iron 
retort,  and  conveyed  it  in  pipes  to  the  difierent  rooms  of  his  house, 
where  it  was  burned  at  proper  apertures  or  burners.  Portions  of 
the  gas  were  also  confined  in  portable  vessels  of  tinned  iron  and 
other  materials,  from  which  it  was  burned  when  required,  forming 
a  moveable  gas  light.  He  had  a  gas  lantern  in  regular  use,  for  the 
purpose  of  lighting  himself  home  at  night  across  the  moors  from  the 
Mining  Engines  that  he  was  erecting,  to  his  house  at  Bedruth. 
This  lantern  was  formed  by  filling  a  bladder  with  gas,  and 
fixing  a  jet  to  the  mouthpiece  of  the  bladder,  which  was  attached 
to  the  bottom  of  a  glass  lantern,  with  the  bladder  hanging 
undemeatL 

After  various  experiments,  by  which  he  proved  the  economy 
and  convenience  of  light  so  obtained,  compared  with  that  from 
oils,  resinous,  or  animal  substances,  he  perfected  his  apparatus, 
and  made  a  public  exhibition  of  it,  by  lighting  up  the  front  of 
Mr.  Boulton's  Manufactory,  at  Soho,  on  the  occasion  of  the 
general  illumination  for  the  peace  of  Amiens,  in  1802.  He  sub- 
sequently lighted  up  some  Cotton  Mills,  at  Manchester,  begin- 
ning  with  that  of  Messrs.  Phillips  and  Lee;  and  he  published  a 
paper  describing  the  advantages  in  the  Philosophical  Transac- 
tions for  1808,  for  which  the  Royal  Society  presented  him  with 
their  large  Bumford  Gold  Medal. 

The  Retort  first  employed  by  Mr.  Murdock  was  made  of  Cast- 
iron,  of  a  Cylindrical  form,  and  of  small  size,  placed  vertically 
in  a  common  portable  furnace,  as  shewn  in  Fig.  3,  Plate  15.  The 
inconvenience  of  removing  the  coke  from  this  vertical  retort  led 
to  the  adoption  of  a  horizontal  cylinder,  as  shewn  in  Fig.  4, 
which  represents  the  retort  used  by  Mr.  Murdock  in  1802  :  these 
retorts  were  of  cast-iron,  from  12  to  20  inches  diameter,  and 
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head  of  the  cylinder  slides  down  a  verticle  spindle  with  a  feather 
fitting  a  groove  in  the  spindle  to  prevent  it  turning  round. 
The  cylinder  is  supported  by  a  cord  or  chain  attached  to  the  head, 
and  passing  up  through  a  hole  along  the  centre  of  the  spindle, 
which  is  hollow  at  the  upper  part.  This  cord  is  carried  over  a 
pulley,  and  by  this  means  the  cylinder  is  lowered  ajs  the  saw 
advances,  and  the  saw  is  pressed  down  by  weights  placed  on 
the  head.  The  cylinder  is  driven  round  with  a  reciprocating 
rotative  motion,  by  a  rope  I  passing  round  a  pulley  fixed  on  the 
top  of  the  spindle,  and  pidled  alternately  by  a  man  at  each  end 
or  by  other  power. 

A  stream  of  water  or  sand  is  poured  regularly  into  the  top 
of  the  cylinder  from  a  trough  to  supply  the  saw,  and  the  water 
rising  to  a  head  in  the  interior  of  the  cylinder  forces  its  way 
under  the  bottom  of  the  saw,  and  rises  up  outside  the  cylinder, 
overflowing  at  the  top,  and  thus  continually  clears  the  saw  by 
washing  away  the  sand  and  grit,  and  carrying  it  up  the  groove 
cut  in  the  stone;  when  the  depth  of  the  bore  exceeded  6  or  7 
feet  a  readier  outlet  for  the  water  and  the  sand  was  made  by 
boring  a  small  hole  in  the  side  of  the  pipe,  which  was  afterwards 
plugged  up. 

A  Machine  was  constructed  at  Soho  Foundry  on  this  plan, 
where  it  was  set  to  work,  and  also  at  Mr.  Bonnie's  Works  in 
London :  the  first  pipe  bored  was  of  marble,  and  proved  quite 
successful  The  patent  was  subsequently  sold  to  a  Company  in 
London,  with  the  object  of  supplying  water  of  greater  purity,  by. 
conducting  it  through  stone  instead  of  iron  pipes,  which  scheme 
was  ultimately  abandoned. 

Mr.  Murdoch  in  1802  applied  the  compressed  Air  of  the  Blast 
Engine  employed  to  blow  the  cupolas  at  the  Soho  Foundry,  for 
the  purpose  of  driving  the  lathe  in  the  pattern  shop,  by  using  it 
to  work  a  small  Engine  with  a  12  inch  cylinder  and  18  inch 
stroke,  which  was  connected  to  the  lathe,  the  speed  being 
regulated  as  required  by  varying  the  admission  of  the  blast. 
This  engine  continued  in  efiective  use  for  about  35  years,  and 
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So  completely  was  he  absorbed  at  all  times  with  the  subj< 
he  had  in  hand,  that  he  was  regardless  of  everything  else.  Wh 
in  London  explaining  to  the  Brewers  the  nature  of  his  subs 
tute  for  Isinglass,  he  oocupied  very  handsome  apartments;  1 
however,  little  respected  the  splendour  of  his  drawing-room,  a: 
fancying  himself  in  his  Laboratory  at  Soho,  proceeded  with  1 
experiments  quite  careless  and  unconsdoas  of  the  mischief 
was  doing. 

One  morning  his  landlady  calling  in  to  receive  his  orders,  w 
horrified  to  see  all  her  magnificent  paper-hangings  covered  wi 
wet  fish  skins  hung  up  to  dry ;  and  he  was  caught  in  the  fiEict 
pinning  up  a  cod's  skin  to  undergo  the  same  process.  Wheth 
the  lady  fainted  or  not  is  not  on  record,  but  the  immediate  eje< 
ment  of  the  gentleman  and  his  fish  was  the  consequence. 

In  the  year  1815  Mr.  Murdock  erected  an  Apparatus  of  1 
own  invention,  for  heating  the  Water  for  the  Baths  at  Leamio 
ton,  by  a  circulation  of  Water  through  pipes  from  a  boiler, 
process  since  adopted  extensively  for  heating  Buildings.  Tl 
first  building  heated  in  this  way  was  the  conservatory  of  his  so 
at  Hands  worth;  the  apparatus  of  which  he  erected  about  tl 
same  time,  and  it  remains  in  use  to  the  present  day.  Tl 
heated  water  is  conducted  around  the  conservatory  by  a  pi 
leading  from  the  top  of  the  boiler,  which  returns  to  the  boilc 
and  delivers  the  cold  water  in  at  the  bottom ;  the  hot  water  1 
its  diminished  specific  gravity  rises  to  the  top,  and  its  place 
occupied  by  the  cold  water  rushing  in  at  the  bottom,  and  tl 
current  is  increased  as  more  heat  is  applied  to  the  boiler,  actu 
on  this  principle  a  rapid  current  is  soon  obtained  through  ti 
pipes. 

During  the  erection  of  the  apparatus  at  Leamington,  U 
Murdock  met  with  a  severe  accident,  which  for  some  tin 
threatened  to  prove  fatal ;  a  ponderous  cast-iron  plate  fell  up< 
his  leg  above  his  ankle,  and  nearly  severed  the  lower  part  of  t] 
leg.  The  severe  injury  he  received  confined  him  a  long  time 
Leamington,  when  it  was  thought  safe  to  remove  him,  as  1 
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Mr.  Slate,  in  tLe  absence  of  Mr.  Gibbons,  observed,  tha 
be  thought  there  was  an  essential  difference  between  the  lii 
which  had  been  previously  described  by  him  and  that  originally 
invented  by  Mr.  Murdock. 

The  Chairman  remarked,  it  was  gratifying  to  observe  th 
feeling  of  attachment  which  was  so  strong  in  the  minds  of  a 
who  had  been  connected  with  those  who  might  be  termed  th 
patriarchs  of  mechanical  engineering  in  this  country.  H 
might  mention  that  it  had  been  remarked  to  him  as 
striking  instance  of  the  value  of  institutions  like  the  preseni 
that  at  the  close  of  the  last  century,  Watt,  Boulton,  Wedgwooc 
Murdock,  Eeir,  Darwin,  and  Priestly,  all  eminent  in  som 
department  of  science,  art,  or  enterprise,  were  connected  wit] 
the  Lunar  Society,  held  regularly  for  several  years  in  Birming 
ham,  the  name  of  which  was  derived  from  the  fact  of  thei 
meetings  taking  place  at  the  occurrence  of  the  full  moon,  a 
being  the  most  convenient  time  for  their  returning  hom< 
When  they  bore  in  mind  the  eminence  which  these  men,  individ 
ually  attained,  they  could  not  fail  to  be  struck  with  th 
advantages  resulting  from  the  interchange  of  mind  ^ith  mine 

The  following  paper,  by  Mr.  W.  A.  Adams,  of  Birminghan 
was  then  read  : — 

ON    RAILWAY    CARRYING    STOCK. 

The  object  of  the  present  paper  is  to  discuss  and  analyse  tb 
various  descriptions  of  Railway  Carrying  Stock,  with  the  purpos 
of  suggesting  such  improvements  in  the  details  of  form  an 
manufacture  as  will  materially  reduce  the  gross  or  dead  weigb 
of  the  vehicles,  without  affecting  their  efficiency  or  strength. 

This  matter  has  been  brought  prominently  under  the  writer' 
attention,  from  the  fact  that  upon  leading  lines  of  railway  th 
First  Class  Carriages  for  the  conveyance  of  18  passengers  hav 
reached    a    gross    weight    of    6    tons,    and    Waggons    for  th 
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economy  of  maintenance  in  his  department,  and  pre 
carriages  and  waggons,  which  though  very  lasting  and 
serviceable,  are  meanwhile  greatly  increasing  the  expen 
of  the  Locomotive  department  It  would  appear  that 
case  has  the  interest  of  the  parties  directly  concerned  b< 
decrease  the  weights  of  the  vehicles. 

The  heavy  trains  handed  over  to  the  Locomotive  depai 
to  haul,  induced  the  construction  of  more  powerful  ajid  wei 
engines,  imtil  the  maximum  was  quickly  reached  and  cl 
by  the  sufferings  of  the  permanent  way.  It  is  to  be  ob 
that  the  writer  has  no  desire  to  carry  the  question  of 
vehicles  to  any  Utopian  extent,  but  simply  to  calmly  stud 
elucidate,  by  experience  and  experiment,  the  practical  me 
reducing  the  weights  of  vehicles  within  proper  bounds. 

At  the  period  of  the  commencement  of  Railways  pass 
were  mostly  conveyed  by  foiir-horse  coaches,  light  goods  hy 
and  heavy  goods  by  water.  It  is  the  intention  of  the  wri 
this  paper  to  confine  the  enquiry  to  wheel  vehicles. 

The  great  distinction  between  road  and  railway  vehici 
that  railway  vehicles  have  to  sustain  longitudinal  strains  : 
direction  of  the  bufi&ng,  as  well  as  lateral  ajid  perpenc 
blows. 

The  Four-horse  Coadi  weighing  19  cwt,  conveying  18  p 
with  Luggage,  weighing  in  all  1  ton  7  cwt.,  at  a  rate  of  ten 
per  hour. 

The  Four-horse  Brighton  Van,  weighing  1  ton  11  cwt 
veyed  6  tons  of  goods  at  a  rate  of  four  miles  per  hour. 

Every  pound  was  carefully  saved  in  weight  of  constructi 
the  above  vehicles.  The  timber  was  carefully  selected  £ 
ash ;  not  that  ash  was  the  most  lasting  and  durable,  bui 
for  strength  and  toughness,  it  was  unequalled  in  ligli 
though  short  in  its  period  of  duration. 

The  axles  and  the  iron-work  were  wholly  made  of  th( 
marks  of  scrap  iron.  Skilled  and  costly  labour  of  a  higl 
was  employed  in  the  forging  and  fitting  of  the  iron-worl 
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ft8  it  is  locally  termed,  spragging  the  wheel.  The  unloadini 
was  effected  by  means  of  a  gallows  and  crab,  the  tram  bein{ 
raised  at  one  end,  and  the  coals  discharged  by  means  of  th( 
swinging  tail  board  at  the  other  end. 

It  will  be  observed  that  no  provision  is  made  for  buffing,  bu 
Hiat  the  train  is  articulated  by  means  of  the  hitching  A  shewi 
in  the  drawing.  The  wheels  ran  loose  upon  the  axles,  an( 
were  in  most  instances  dished  in  the  manner  of  a  commoi 
road  wheel,  thereby  illustrating  the  first  advance  from  a  commoi 
road  vehicle. 

The  tramway  is  mostly  an  incline  fi'om  the  mines  to  the  port 
Six  horses  brought  down  60  tons  of  coals  and  16  tons  of  trams 
The  same  power  was  required  to  take  up  the  empty  trams. 
Dead  weight  in  the  trams  was  consequently  of  vital  inportance. 

This  tramway  is  now  being  worked  with  Locomotive  power  anc 
permanent  waggons,  the  Tramway  Company  finding  power,  and  th< 
freighters  waggons.  The  same  care,  whidi  influenced  the  private 
haulier  and  caused  him  to  equalize  his  upwai'd  to  his  downward  load 
does  not  now  influence  the  freighter,  and  has  been  lost  sight  o: 
by  the  Company.  In  the  eye  of  the  freighter  the  waggon  which  h 
strongest  and  heaviest  is  the  best,  and  the  consequence  is,  tha; 
waggons  weighing  3  tons  are  conveying  but  5  tons  of  load. 

The  ratio  of  upward  load  was  in  the  one  case  21  per  cent, 
and  in  the  latter  37  per  cent.,  as  compared  with  the  downward. 

The  weight  of  waggon  conveyed  up  hill,  was  in  the  one  cas4 
27  per  cent.,  and  in  the  latter  60  j^er  cent.,  as  compared  witl 
the  coals  brought  down. 

In  place  of  a  perfect  horse  tram-road  heavy  engines  are  bein^ 
hammered,  and  are  hammering  to  pieces  a  bad  road  with  bac 
gradients  and  extremely  bad  curves.  This  is  wholly  true,  bul 
fortunately  an  extreme  case;  nevertheless  it  is  questionable 
whether  many  lines  are  not  also  suflering  in  a  lesser  degree 
from  the  incubus  of  dead  weight. 

The  Huntingdon  and  St.  Ives's  branch  of  the  East  Angliai 
Railway,  4J  miles  in  length,  is  at  the  present  time  worked  by  i 

Digitized  by  VjOOQ IC 


Digitized  by 


Google 


32  RAILWAY   CARRYING  STOCK.  Oct..  18M. 

Iiave  failed  in  their  parts,  the  sole  remedy  Has  been  increase  oi 
strength  by  increasing  the  weight  and  quantity  of  material. 
Axles  have  increased  from  3  inches  diameter  to  4  inches; 
tyres  from  4J  +  IJ  inches  to  5  +  If  inches,  and  so  throughout 

Fig.  3,  Plate  1,  illustrates  the  original  London  and  Birming- 
ham and  Grand  Junction  First  Class  Carriages,  with  three 
compartments,  carrying  18  passengers. 

Dead  Weight  3J  tons. 

Cubical  contents  504  feet 

Fig.  4,  Plate  1,  illustrates  the  modem  First  Clajps  Carriage, 
with  3  compartments,  carrying  18  passengers. 

Dead  Weight  5  tons. 

Cubical  contents  807  feet. 

The  dead  weight  of  waggon,  per  ton  of  load,  for  the  upward 
and  downward  Journey  of  the — 

Old  Monmouthshire  Train,  ^  ton. 

New  Monmouthshire  Waggon,  1^  ton. 

Derbyshire  and  Leicestershire  Coal  Waggon,  1|  ton. 

The  writer  presumes  that  it  will  be  at  once  admitted  that 
reducing  the  dead  weight  of  railway  vehicles  is  extremely 
desirable,  whilst  such  reduction  of  weight  is  effected  with  due 
regard  to  efficiency  and  strength  to  resist  the  longitudinal  strain 
in  buffing.  Also  that  reduction  in  first  cost  is  not  the  sole 
object  to  be  attained,  but  to  produce  such  vehicles  as  shall  be, 
all  points  considered,  the  most  economical  in  first  cost,  in  main- 
tenance, and  especially  in  traction ;  but  at  the  same  time  it  does 
not  follow  that  reducing  the  dead  weight  and  improving  the 
quality  of  the  materials  shall  add  materially,  if  any,  to  the  cost. 

Should  it  be  approved  by  the  Listitution,  the  subject  <^  a 
second  paper  will  be  to  analyse  and  compare  the  whole  of  the 
modem  trailing  stock  with  that  of  an  earlier  period,  and  thereby 
glean  such  information  as  will  enable  the  writer  to  prepare  and 
lay  before  the  Listitution,  in  a  future  paper,  such  improvements 
in  the  form  and  manufactxire  of  railway  vehicles  as  may  lead  to 
the  result  pointed  out  at  the  commencement 
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«  u  proposed  to  try  all  necessary  experiments 
elatiye  atrength  of  wood  and  iron,  and  the  combinati 
1  order  to  obtain  the  necessary  information  as  tc 
%ib]e  and  economical  means  of  attaining  the  greate 
ith  the  least  weight. 


The  Chaikmah  observed,  that  the  paper  wsis  on 
iportance,  but  as  their  time  was  expired,  unless  sor 
d  any  communication  to  make,  it  was  better  that 
*n  should  be  adjourned  to  the  next  meeting, 
serre  that  it  was  principally  at  his  suggestion  thai 
1  been  prepared,  considering  that  nothing  could  ^ 

importance  of  getting  rid  of  any  unnecessary  de 
1  he  hoped,  that  in  the  interval  between  the  presei 
ir  next  meeting,  the  subject  would  receive  the  sei 
1  and  consideration  of  the  members. 
9e  announced  that  a  proof  copy  of  the  valuable  v 
itannia  Bridge  had  been  presented  to  the  institu 
ssident ;  also  that  Messrs.  Fox,  Henderson,  an< 
sented  a  proof  copy  of  their  engraving  of  the  B 

Great  Exhibition  in  1851. 
Mb.  Geach  called  the  attention  of  the  meml 
)6cription  now  in  progress  for  the  erection  of  a  m< 
testimonial,  on  an  adequate  scale  to  their  late 
mdent,  George  Stephenson.  The  proposal,  which 
th  the  members  of  the  Institution,  had  been  very 
^ived  in  influential  quarters ;  and  he  was  anxioui 
t  deUy  such  members  of  the  Institution  as  sympa 
)  object  would  communicate  to  the  Secretary  wl 
iS  their  wish  to  contribute.      Already  they  he 

B 
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promises  of  several  amonnts  of  £100  each,  bat  prior  to  t 
publication  of  the  first  subscription  list  it  was  desirable  that  t 
sums  should  partake  of  a  miscellaneous  character  so  that  whi 
many  might  be  disposed  to  subscribe  largely,  others  might  i 
be  prevented  from  joining  by  the  fear  of  giving  too  litt 
He  had  no  doubt  that  a  considerable  sum  would  be  raised,  l 
it  was  particularly  desirable  that  the  list  should  contain  as  mai 
names  as  possible — and  the  shilling  of  the  honest  intelligc 
mechanic  would  be  received  with  as  great  pleasure  as  the  lar^ 
contribution  of  the  more  wealthy. 

The  meeting  then  terminated,  and  the  members  adjourned 
the  Library  of  the  Institution,  where  cofiee  was  provided. 
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PROCEEDINGS. 


H  Annual  General  Meeting  of  the  Members 

House  of  the  Institution,  Newhall  Street,  Bir- 

jdnesday,  January  22,  1851 ;  J.  E.  McConnell, 

lent,  in  the  Chair. 

\  of  the  last  General  Meeting  were  read  by  the 

ifirmed. 

ARY  then  read  the  following : — 

EPORT  OF  THE  COUNCIL, 

TH    ANNUAL    MEETING,   22nd    JANUARY,    1851. 


1  congratulate  the  Members  on  the  satisfactory 
nstitution  at  the  present  Fourth  Anniversary  of 
,  and  on  its  continued  and  successful  progress 
usefulness. 

r  of  Members  for  the  last  year  is  202,  of  whom 
Members,  and  3  Graduates ;  the  class  of  Gra- 
specially  formed  to  enable  the  young  and  rising 
profession  to  obtain  the  advantages  which  the 
well  calculated  to  afford. 

al  statement  of  the  affairs  of  the  Institution  for 
3 1st  December,  1850,  shows  a  Balance  in  the 
of  £230  Ss,  Orf.,  after  the  payment  of  all  accounts 
and  this  Balance  has  been  further  increased  to 
he  receipt  since  31st  December  of  some  subscrip- 
last  year,  1850.  The  Finance  Committee  have 
ecked  all  the  receipts  and  payments  of  the  Insti- 
ar  1850,  and  have  reported  that  the  following 
3ndered  by  the  Treasurer,  is  correct. 

(See  Balance  Sheet  appended.) 
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ferring  to  the  following  as  valuable  and  interest- 
oprovement  and  economy,  and  to  the  advance-, 
ledge  of  the  form  and  strength  of  materials. 

sation  of  Steam  in  the  Engines  of  the  South 
shire  Iron  District,  and  the  Improvements  to  be 
in  them. 

ruction  of  Blowing  Engine  for  Blast  Furnaces, 
at  high  velocities. 

ruction  of  Eeciprocating  Steam  Engine, 
id  the  Deterioration  of  Railway  Axles, 
ad  Construction  of  Bailway  Carriage  and  Wag- 
ings. 
sment  of  the  Construction  of  Eailway  Carrying 

)ns  and  Life  of  the  late  William  Murdock,  of 


wish  to  draw  the  particular  attention  of  the 
nportance  of  giving  all  the  assistance  in  their 
the  objects  and  increase  the  utility  of  the  Insti- 
tnunication  of  Papers  with  Drawings  and  Models, 
7  inventions  or  improvements  that  have  been 

have  come  under  their  observation,  and  the 
ents,  and  of  the  practical  working  of  old  or  new 
les,  &c.,  with  Indicator  Cards  from  Steam  En- 
ider  the  Institution  a  general  place  for  reference 
bjects.  A  list  of  proposed  Subjects  for  Papers 
the  Council  invite  communications  from  all  the 
lir  friends  on  these  and  any  other  Engineering 
[  be  useful  and  interesting  to  the  Institution, 
receive  a  further  increase  of  the  papers,  so  as  to 
r  of  the  meetings  ;  they  trust  that  no  members 
ir  communications  on  account  of  the  want  of 
Edce'them  so  complete  and  lengthened  as  they 
is  one  of  the  first  objects  of  the  Institution  to 

facts  relating  to  the  professional  experience  of 
d   to  procure  early  and  authentic  information 
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^  mecbanical  inventions  and  improvements,  for 
lation  and  advantage  of  the  members, 
isuing  year  an  excellent  opportunity  mil  he  affon 
irse  of  visitors  fix)m  all  foreign  countries  at  the  Gi 
1  London,  to  open  communication  vdth  fore 
Societies  for  mutual  advantage  and  the  interchang< 
;  and  in  furtherance  of  this  object  it  would  be 
tain  corresponding  Members  of  the  Institutioi 
ies,  and  the  Council  also  recommend  this  op[ 
taken  for  holding  a  Meeting  of  the  Institutioi 

cers  of  the  Institution  and  Five  of  the  Member 
o  out  of  ofiBce  this  day,  according  to  the  Bules, 
be  taken  at  the  present  meeting  for  the  electioi 
tc.,  for  the  ensuing  year. 


AIRMAN  observed,  that  all  the  members  must 
ion  in  the  rise  and  progress  of  the  Institutioi 
Engineers;  he  congratulated  them  on  the  proc 
Eist  year,  and  the  excellent  papers  that  had  1 
3  them,  comprising  questions  of  great  practical  va 
curable  prospect  of  papers  for  the  ensuing  year, 
ere  was  no  doubt  that  the  important  occasion  of 
al  Meeting  in  London,  when  Engineers  from  e' 
)  world  would  meet  together,  would  also  stimn 

of  this  Institution,  in  producing  for  that  pe 
f  importance  and  value, 
ved  that  a  great  deal  of  good  might  be  done 

connexion  with  foreign  Engineering  Societies; 
ire  recently  of  meeting  the  President  of  the  Fre 

Engineers,  and  of  finding  that  shortly  after  tl 
e  was  in  possession  of  their  report,  and  he  spok( 

the  usefulness  of  the  Institution,  and  the  valui 
icter  of  the  papers.  He  thought  it  would  be  wel 
Jtem  of  intercommunication  with  Foreign  Engin 
anical  Societies,  thus  leading  to  an  iutercLang( 
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cal  suggestions  thrown  out  by  the  respective 
to  the  establishment  of  that  friendly  feeling 
t  between  the  members  of  the  profession,  in 
m,  visiting  their  respective  countries,  and  cer- 
¥as  an  auspicious  era  for  bringing  about  so 

3n  into  the  Institution  of  young  and  rising 
fession,  in  the  capacity  of  Graduates,  he  felt 
tnt  aid  to  the  future  success  and  prosperity  of 
leir  introduction  into  the  Institution  they  would 
vith  the  principles  of  the  system  on  which  it 

would  take  an  increasing  interest  in  it,  and 
[  addition.      A  young  engineer  entering  an 

present,  listening  to  the  discussion  on  the 
ought  before  them,  might  have  his  mind 
^emark,  which,  as  frequently  occurred,  might 
"actical  result  of  importance  and  advantage ; 
t  class  of  active,  intelligent  minds  they  could 
Institution,  the  greater  the  practical  results 
;ed  that  every  head  of  an  Establishment  wl^o 
lence  any  young  member  of  the  profession, 
ould  form  a  useful  graduate,  would  use  his 

to  bring  him  amongst  them  :  he  should  even 
imber  of  these  graduates  equal  with  that  of 
Institution.  In  conclusion,  he  congratulated 
the  successful  issue  of  their  proceedings  up 
Bind  he  hoped  that  the  Institution  would  go  on 
less  and  efiBciency. 

L  of  Mr.  Williams,  seconded  by  Mr.  Buckle, 
ved  and  adopted. 

Qoved  a  vote  of  thanks  to  the  Council  and 
jtitution,  for  their   services   during  the  past 
ras  seconded  by  Mr.  Dockray,  and  passed. 
\  then  announced,  that  the  ballot  lists  had 

Committee  appointed  for  the  purpose,  and 
rs  and  Members  of  Council  elected  for  the 


Digitized  by 


Google 


Digitized  by 


Google 


Digitized  by 


Google 


10  RAILWAY   CARRYING   STOCK. 

Mr.  Buckle  remarked,  in  the  absence  of  Mr-  Middl 
that  he  had  expressed  to  him  his  regret  at  any  observation  o 
subject  that  he  might  have  made  under  a  mistake;  wh 
claimed  for  Mr.  Murdock  was  the  perfection  of  the  blast  ei 
whilst  Mr.  Gibbons  had,  it  appeared,  adapted  the  water  regi 
to  the  purpose  of  the  lift.  He  also  bore  his  testimony  1 
excellency  of  the  plan  adopted  by  Mr.  Gibbons :  he  ¥ 
opinion  it  was  a  most  excellent  method  of  lift. 


The  following  supplementary  paper,  by  Mr.  W.  A.  Adai 
Birmingham,  was  then  read : — 

ON  THE   IMPROVEMENT  OF  THE   CONSTRUCTIQ] 
RAHiWAY  CARRYING  STOCK. 

In  the  previous  paper  laid  before  the  last  meeting  of  tl 
stitution  the  great  increase  was  pointed  out  that  has  gradually 
made  in  the  dead  weight  of  the  carrying  stock  in  the  g 
practice  of  railways;  that  the  First  Class  Carriages  carryh 
passengers  have  been  increased  in  dead  weight  from  3}  tor 
tons  ;  and  the  Waggons  carrying  a  maximum  load  of  5  tons 
reached  a  dead  weight  of  4}  tons  ;  and  that  this  great  increase  o 
weight  occasioned  an  important  addition  to  the  cost  of  locoi 
power  for  the  nett  load  carried.  If  a  Locomotive  Engine  is  a 
of  conveying  a  train  of  60  waggons,  weighing  200  tons,  and  th 
200  tons  (which  proportion  of  dead  weight  to  load  will  not  b< 
of  the  truth,  even  without  taking  empties  into  account),  a  sa> 
one  ton  in  the  dead  weight  of  each  waggon  will  enable  the  en^ 
convey  50  tons  additional  of  waggons  and  load,  or  equal  to  a 
of  one-eighth  in  the  cost  of  haulage. 

In  the  important  matter  of  inland  through  coal  traffi 
waggon  averaging  3}  tons  carries  6  tons  of  coal ;  but  as  the  tk 
has  to  return  empty,  for  5  tons  of  load  conveyed  one  mile,  1 
decul  weight  of  waggon  has  to  be  conveyed  the  same  distanc 
this  instance  the  saving  of  one  ton  weight  in  the  construction 
waggon  would  be  equivalent  to  a  total  saving  of  nearly  one-d 
16  per  cent,  in  the  cost  of  haulage. 

The  great  increase  in  dead  weight  has  arisen  fi'om  the  in 
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en  continually  making  in  the  quantity  and  weight  of  ma- 
Dyed  in  the  construction  of  i*ailway  carriages  and  wag- 
>  remedy  for  the  failure  of  their  different  parts ;  that 
ing  generally  heen  solely  increase  of  weight  of  material, 
3ration  of  material  or  construction, 
common  road  vehicles,  where  the  motive  power  was 
road  imperfect  and  gradients  had,  the  cost  of  hauling 
)f  so  great  importance,  that  every  pound  of  weight  was 
ved  in  the  construction  of  the  vehicles,  hy  using  only 
iterials  and  construction  to  obtain  the  strength  with  the 
; ;  the  durability  being  comparatively  a  secondary  con- 
The   Four-horse   Coach,    conveying   18  passengers, 
ily   1  ton,   and  the  Van,  conveying  6  tons  of  goods, 
mt  1^^  tons. 

*eat  distinction  between  road  and  railway  vehicles  is, 
Y  vehicles  have  to  sustain  longitudinal  strains  in  the 
'  the  buffing,  as  well  as  lateral  and  perpendicular  blows, 
on  of  the  dead  weight  of  railway  vehicles  is  extremely 
hile  such  reduction  of  weight  is  effected  with  due  regard 
r  and  strength  to  resist  the  longitudinal  strain  in  buffing, 
he  other  strains  to  which  they  are  subjected.  The  ob- 
oduce  such  vehicles  as  shall  be,  all  points  considered, 
lonomical  in  first  cost,  in  maintenance,  and  especially  in 
id  at  the  same  time  it  does  not  follow  that  reducing  the 
t,  and  improving  the  quality  of  the  materials,  will  add 
if  any,  to  the  cost. 

Tie-Bar  is  the  most  important  part  of  the  waggon  under- 
resists  the  main  force  to  which  the  waggon  is  subjected, 
\  longitudinal  buffing,  and  also  acts  as  a  girder  to  carry 
»on  the  springs.  The  ordinary  wood  sole-bar  averages 
12  inches  deep,  and  8^  to  5  inches  thick.  Although  the 
[rain  is  the  end-way  buffing,  the  vertical  strength  is  re- 
e  so  much  greater  than  the  lateral  strength,  in  conse- 
the  sole-bar  being  strutted  horizontally  by  the  internal 

mter  has  endeavoured  to  discover  the  best  form  to  attain 
strength  in  wrought-iron  with  the  least  material,  and 
certain  whether  the  same  strength  can  be  attained  with 
b  than  the  ordinary  wood  sole-bar. 
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i  of  the  ordinary  English  oak 
LI  inches  deep  and  4^  inches tl 
e  total  weight  hy  actual  prac 

Jtion  for  wrought-iron  to  answe 
Eiaterial,  would  appear  to  he  a 
b  this  cannot  he  practically  ado 
le  to  manufacture,  and  it  is  nece 
id-iron  be  adopted,  for  economy 

isted  is  £he  end  way  huffing,  an 
d  pressure  with  the  least  ma 
tted  in  Fig.  3),  that  section  ^ 
be  the  correct  form.  The  strc 
tal  being  distributed  at  the  grc 
ore  in  the  section,  Fig.  3,  the  i 
[  in  three  points  AAA  of  the  cii 
connected  by  the  thin  sides  o 

rength  is  reqiiired  to  be  conside 
th,  this  theoretical  section,  F 
on  shown  in  Fig.  4. 
Dsed  to  be  adopted  on  tbis  prii 
s  7  inches  and  the  width  4  in 
racticable,  and  the  metal  throwi 
)  therefore  !«  inch  thick,  and 
weight  of  this  section  13  feet  le 
lird  less  than  the  ordinaiy  oak 


3  have  been  tried  by  the  writ 
li  of  iron  to  be  employed  for 

)  feet  long,  and  of  the  section,  I 
grained,  was  subjected  to  en( 
sing  supported  only  at  the  two 
t   f  inch  at  the  centre. 

i    ditto        ditto. 

f     ditto         ditto, 
when  it  broke. 
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Jung  did  not  appear  to  be  caused  by  deflection,  but  by 
and  lateral  separation  of  the  fibres ;  the  principal  frac- 
veral  feet  in  length  and  extending  from  side  to  side 
ray  of  the  timber. 

;ht-iron  bar,  of  the  Great  Western  section,  shown  in 
iie  same  length,  10  feet,  was  fixed  in  the  press  in  the 

tons,  deflection  none. 

tons  deflected  it  ^  inch,  without  set. 

„         „  4  inches,  permanent  set  2i  in. 

on  was  entirely  lateral,  and  in  the  direction  of  tlic 
rards  the  side  of  the  larger  flange. 
r  is  made  of  two  pieces  rivetted  together,  one  7  inches 
inch  thick,  with  a  small  flange  on  one  side,  and  ao 
i  inches  wide,  is  rivetted  to  it  on  the  opposite  side, 
rtain  the  comparative  vertical  strength,  an  English  oaL 
'ig.  5  section,  was  placed  edgeways  on  two  supports, 
and  the  force  of  the  press  applied  in  the  centre. 

10  tons    deflected  it  i  inch. 

12  ditto       ditto  f  ditto. 

16  ditto       ditto  broke  it. 

ought-iron  bar  of  Fig.  6  section,  was  tried  in  the  same 
1  the  force  applied  on  the  edge,  and  supported  on  the 

ns    deflected  it  ^  inch. 

itto       ditto  t  ditto,  permanent  set  f  inch. 

le  results  of  these  experiments  it  appears  that  the  iroi 
is  about  as  strong  as  the  wood  sole-bar,  Fig.  1,  to  resis 
e,  but  is  somewhat  deficient  in  strength  to  resist  th< 
ing.      In  this  section  a  loss  of  strength  is  caused  by  it 

in  two  pieces  rivetted  together ;  the  deficiency  is  ii 
less,  which  would  be  considerably  increased  if  it  wen 
[  bar  of  iron.  It  appears  from  the  following  experimen 
ection  would  be  -  on  the  opposite  side  to  the  large  flange 

were  solid. 

^  feet  long  of  the  section.  Fig.  7,  was  subjected  to  end 
e  in  the  same  manner  as  before  ;  the  depth  was  6  inches 
i  inches,  and  thickness  i  inch. 
(  produced  no  permanent  set 
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10  RAILWAY   CARRYING   STOCK. 

Mr.  Selby  apprehended  no  diflSculty  in  making  it  i 
manner  as  a  tube ;  at  all  events  he  should  be  glad  to  mi 
trial.  He  could  also  prepare  it  by  a  process  which 
prevent  the  oxidation  of  the  iron,  providing  it  was  not  k 
about. 

Mr.  CowPER  remarked,  that  the  cost  of^  rolling  the  pr 
L  section.  Fig.  6,  might  not  be  more  than  £2  per  ton  extr 
bar  iron. 

Mr.  Allan  inquired  how  the  Great  Western  plan  was 
to  answer,  for  they  had  some  hundred  waggons  running 
with  the  frame  of  the  section,  Fig.  6. 

Mr.  Barrans  suggested  the  adoption  of  the  recta 
section.  Fig.  2,  with  wood  blocks  filled  in  where  require 
bolted  through  to  give  strength  to  the  frame.  He  aske( 
could  not  be  rolled  in  two  parts  and  rivetted  together  afters 
Mr.  Adams  replied,  that  would  bring  them  to  an  incn 
cost  per  ton,  and  the  expense  was  an  important  matter  to  be 
into  consideration.  It  was  desirable  to  get  a  square  side  and  1 
for  attaching  the  spring  shoes,  with  the  cross  bearers  : 
rivetted  through,  and  he  thought  a  mitre  joint  at  the  con 
the  frame  would  be  necessary,  and  that  the  proposed  L  8« 
Fig.  5,  was  the  most  convenient  for  all  these  purposes. 

Mr.  Wright  said,  that  in  considering  the  increase  in 
of  Kailway  Carriages  it  must  be  borne  in  mind  that  the 
had  demanded  increase  of  strength  and  room  as  essen 
comfort  and  security,  more  especially  in  rapid  travelling, 
thought  the  comparison  between  the  common  road  coach  a 
railway  carriage  would  not  hold,  because  not  only  did  they 
a  very  limited  speed,  but  they  were  provided  by  contractor 
for  the  sake  of  their  horses,  had  the  vehicles  as  light  as  poj 
and  it  must  be  remembered  there  was  no  danger  arising 
collisions  ;  there  was  no  bufl&ng,  but  only  traction.  The  ui 
requirement  of  the  public  had  been  for  an  increase  of  stren; 
the  railway  plant,  and  they  had  abundant  proof  that  the  oi 
carriages  with  open  frames  had  not  been  strong  enough  to  bea 
cussion,  for  in  collisions  such  carriages  received  all  the  da 
whilst  the  modem  strong  built  carriages  escaped  unin 
According  to  the  views  of  the  writer  of  the  paper,  in  increasin 
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le  damage  done  by  a  collision.  He  saw  no 
3  dead  weight  should  not  be  reduced  nearly  one- 

SON  was  of  opinion,  that  before  long,  the  dead 
be  reduced  one-third,  while  the  weight  carried  was 
third :  and  that  the  cost  would  be  also  diminished, 
ged  in  the  consideration  of  the  subject,  and 
to  bring  the  results  before  the  Institution,  at  a 

ks  of  the  meeting  were  voted  to  Mr.  Adams,  for 
ition ;  and  the  following  paper,  by  Mr.  Parkinson, 
la  then  read : — 

ON  A  WATER  METER 

ybe  considered  to  be  two  descriptions  of  Water 
le  case  with  Gas  Meters ;  one  in  which  the  meter  is 
)ressure  arising  from  the  elevated  source  of  the 
other  by  the  gravity  or  weight  of  the  water ;  in  other 
king^  under  pressure  and  the  other  not.  Perhaps 
r  Meter  ever  constructed  was  similar  to  a  steam 
inder,  piston,  crank,  &c.,  &c.  This  description  of  meter 
le  pressure,  and  the  water  will  rise  beyond  the  meter 
a  short  of  that  by  which  it  is  moved,  save  the  friction 
The  one  moved  Jby  the  weight  or  gravity  of  the 
eJIow  the  water  to  rise  above  the  point  of  discharge, 
ndispensible  that  this  meter  should  be  placed  above 
e  the  highest  supply  is  required ;  and  if  this  should 
»st  room  in  a  house,  the  meter  must  be  placed  a  little 
course  every  room  below  will  be  easily  supplied  by 
ihe  water. 

f  these  plans  a  variety  of  designs  have  been  attempted^ 
i-pressure  principle,  besides  the  cylinder,  various 
baving  been  tried, — and  on  the  plan  of  gravity  various 
ickets,  and  vessels  with  floats,  the  rising  and  falling 
sed  the  valves,  or  stop-cocks,  for  the  inlet  and  outlet 

if  objections  to  the  high-pressure  principle  are  the 
making  the  machines  perfectly  water-tight,  easy  to 
iieap  construction,  to  bear  the  varieties  of  pressure  and 
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peed  to  which  they  may  he  subjected ;  another  obstacle  is  the  non* 
ilasticity  of  the  water  prerenting  the  uniform  working,  by  locking 
he  machine,  if  the  valves  or  flaps  open  or  shut  the  least  too  soon. 
The  .chief  objection  to  the  meters  on  the  gravity  principle  is  the 
lifBculty  of  any  float  opening  a  valve  or  stop-cock  at  the  proper 
imes  to  define  the  proper  measurement  of  the  water. 

Looking  carefully  over  all  these  plans,  the  ymter  found  none 
10  well  adapted  as  the  Gas  Meter,  which  is  the  one  shown  in  the 
Irawings  and  model ;  it  is  as  simple  as  a  grindstone,  and  turns  with 
he  least  possible  weight  of  water.  The  velocity  is  maintained  at 
i  rate  as  nearly  uniform  as  possible  by  means  of  the  regulating 
iralve,  and  will  pass  the  quantities  denoted  on  the  badges  with  a 
)ressure  of  water  varying  from  2  feet  to  400  feet. 

Figure  1,  Plate  19,  is  a  front  view  of  the  Meter,  showing  the 
•egulating  valve.  Figure  2  shows  the  internal  drum,  and  Figure  1 
Plate  20,  is  a  transverse  section  of  the  Meier. 

A  is  the  inlet  valve  in  the  supply  pipe  which  is  opened  by  the 
ball-cock  B,  when  the  water  is  lowered  in  the  small  cistern  C,  from 
E^hich  the  water  is  supplied  for  use  over  the  building.  D  is  the 
regulating  valve  for  maintaining  a  uniform  level  of  water  in  the 
Meter ;  it  is  opened  by  the  float  E,  and  is  constructed  vnth  a  piston 
F  upon  the  valve  spindle  of  the  same  area  as  the  valve,  which 
balances  the  pressure  on  the  valve,  so  that  it  is  not  affected  by  the 
pressure  of  the  water  in  the  supply  pipe,  and  is  easily  opened  or 
shut  by  the  float  E,  however  great  that  pressure  may  be.  The 
^ard  plates  G  check  tlie  force  of  the  water  passing  the  valve,  pre- 
v^enting  the  water  in  the  Meter  from  being  agitated. 

The  drum  H  is  similar  to  that  of  a  Gas  Meter  with  four  com- 
partments, formed  by  oblique  radiating  plates  which  overlap  each 
other  nearly  half  round  tlie  drum,  and  each  of  the  compartments 
opens  into  the  outer  space  I  of  the  drum  into  which  the  water  is 
poured,  and  from  which  the  water  enters  each  compartment  in 
BTJccession.  The  water  escapes  on  the  opposite  of  the  drum  into 
the  trough  K,  and  in  passing  through  the  drum,  turns  it  round,  as 
the  oblique  position  of  the  divisions  removes  the  outlet  opening  of 
each  compartment  nearly  half  a  revolution  from  its  inlet  The 
drum  revolves  freely  in  the  trough  K,  and  the  water  flows  through 
it  with  very  slight  resistance,  registering  itself  by  the  revolution  of 
the  drum  as  it  passes  through,  and  then  overflows  the  side  of  the 
trough  K  and  passes  into  the  supply  cistern  C.     The  spindle  of  the 
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jlwork  by  the  worm  L,  like  a  gas  meter  to  register 
gallons  on  a  dial.  The  trough  K  is  suspended 
dth  an  adjusting  screw  N  at  the  top,  by  means  of 
aised  or  lowered  so  as  to  adjust  the  meter  accurately 
as  the  quantity  of  water  that  the  drum  measures  in 
depends  upon  the  depth  of  its  immersion  in  the 
jr  it  is  immersed  the  more  water  it  takes  to  turn 
r  vena, 

of  the  Meter  should  be  kept  tolerably  uniform,  as 
h  holds  the  water  will  vary  a  trifle  when  a  large 
ied  into  it  than  a  smaller  quantity.  This  is  but  a 
low  is  all  round  the  trough,  and  therefore  the  meter 
ire  the  water  correctly  when  going  rather  below  its 

when  u^ed  at  full  speed  gives  a  trifle  over,  but  less 
t.,  in  favour  of  the  consumer. 


observed,  that  he  had  carefully  tested  this  meter, 
t  measured  liquids  very  accurately,  and,  indeed, 
were  measured  by  it  more  accurately  than  could 
During  from  one  vessel  into  another.  It  was  a 
contrivance,  for  the  valve  took  oflF  the  pressure 
meter  to  work  with  a  heavy  pressure  exactly  the 
mall  pressure.  Meters  had  heretofore  been  made 
iressure,  but  it  became  impracticable  to  use  them 
rposes,  in  consequence  of  their  great  expense, 
strength  necessary  to  stand  the  heavy  pressure, 
placed  at  the  top  of  the  building,  and  registered 
issed  down  to  supply  the  house;  the  cistern  below 
full,  and  not  more  than  full,  in  consequence  of 
7hich  stopped  oflf  the  supply  when  the  water  was 
He  had  been  informed  by  Mr.  Parkinson,  (who 
tend  the  present  meeting),  that  he  had  so  many 
these  meters  from  difieront  Water  Works  Com- 
3uld  not  supply  them  fast  enough.  The  Sanitary 
had  recommended  the  employment  of  meteis  for 
rater  to  all  small  houses  in  large  towns,  as  the 
\  were  at  present  supplied  at  a  higher  rate  than 
Fas  probable  that  some  meter  would  ultimately  be 
Vater  Companies. 
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The  Chairman  thought  it  very  likely  that  this  plan  of 
isuring  water  would  be  very  useful,  and  a  meter  was  much 
ited,  particularly  to  those  who  purchase  large  quantities  of 
er,  as  was  the  case  for  railway  purposes  where  there  was  only 
imperfect  means  of  measurement  into  tanks,  for  ascertaining 

quantity  consumed. 

The  thanks  of  the  meeting  were  voted  to  Mr.  Parkinson  for 
communication ;  and  the  following  paper  by  Mr.  B.  Peacock, 
i^anchester,  was  then  read : — 

THE  WORKSHOPS  FOR  THE  LOCOMOTIVE  CAR- 
RIAGE AND  WAGGON  DEPARTMENTS  OF  THE 
MANCHESTER,  SHEFFIELD,  AND  LINCOLNSHIKE 
RAILWAY. 

These  works  are  erected  at  the  first  point  firom  Manchester 
jre  the  Railway  and  the  land  take  the  same  level,  viz. :  at  Gorton, 
ut  two  miles  from  Manchester,  this  being  considered  the  best 
ition  from  its  being  near  the  principal  terminus  of  the  Company's 
les,  and  from  the  facility  with  which  materials  can  be  procured  and 
•kmen  engaged  ;   and  though  it  is  a  terminal  establishment,  with 

advantage  of  being  situated  near  enough  to  a  First-class 
chanical  Town  to  secure  any  benefit  that  may  be  had  therefrom,  it 
ufl&ciently  far  out  of  it  to  be  clear  of  the  heavy  local  taxes  with 
ich  such  establishments  in  all  large  Towns  are  burdened. 

The  site  was  fixed  upon,  and  land  purchased  to  construct 
irkshops  for  the  Sheffield  and  Manchester  Railway  only ;  but  subsc- 
int  to  the  amalgamation  of  that  Company  with  the  net-work 
Lincolnshire  lines,  and  which  now  form  the  Manchester, 
3ffield,  and  Lincolnshire  Railways,  more  land  was  purchased 
I  the  Workshops  increased  in  size  to  meet  the  wants  of  the  joint 
oapaHies.  The  total  quantity  of  land  purchased  is  nearly  Twenty 
:es,  about  Nine  of  which  is  occupied  by  the  Workshops  and  Store- 
d,  and  the  remainder  is  being  used  for  the  construction  of 
servoirs  for  supplying  the  works  with  water,  and  for  erecting 
ttages  upon  for  the  workpeople  in  the  Company's  service. 

The  block  plan,  Plate  21,  shows  the  general  arrangement  and 
ative  positions  of  tlie  Shops,  Cottages,  Reservoirs,  Ac,  the  plot 
land  being  bounded  on  the  south  by  the  Railway,  on  the  east  hy 
)  Peak  Forest  and  Macclesfield  Canal  (also  bclong'mg  to  tiiia 
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or  the  inner  rollers  of  the  turntable  to  revolve  upon ;  the  top  of 
he  pillar  is  sufficiently  large  to  receive  the  shoes  for  carrying  the 
)rincipals  of  the  roof,  and  to  which  they  are  secured  by  bolts,  each 
principal  radiating  from  the  centre  of  the  pillar,  and  its  opposite  end 
esting  upon  the  outer  wall  of  th6  building.  A  collar  is  cast  upon 
he  pillar  about  8  feet  from  the  top,  which  was  intended  to  carry  one 
ind  of  a  circular  travelling  frame ;  the  frame  being  intended  to 
evolve  round  the  pillar,  and  the  opposite  end  having  a  carriage 
unning  upon  a  circular  rail  beam,  which  was  to  have  been  supported 
)y  the  pilasters  built  on  the  inside  of  the  walls,  the  frame  being 
lurmounted  by  a  travelling  crane  in  the  usual  way ;  this  however 
las  not  yet  been  carried  out.  The  roof  is  of  wrought  iron, 
lurmounted  by  a  louvre,  the  top  of  which  is .  glazed ;  the  whole 
orming  a  beautifully  ventilated  and  well-lighted  building. 

To  the  left  of  the  rotunda  are  the  workshops,  with  Engine-house, 
)oiler,  Ac.  The  Fitting  and  Tool  Shop  is  120  feet  by  60  feet,  and 
jontains  the  whole  of  the  Tools,  with  the  exception  of  the 
Ehinohing  and  Shearing  Machines.  Two  rows  of  Fitter's  Benches 
u"e  erected  near  the  far  end ;  the  Lathes,  Drills,  &c.,  are  placed 
iown  each  side,  and  have  their  counter  shafts  carried  by  wall  plates, 
}uilt  into  the  side  walls,  and  the  Planing  Machines  are  placed  in 
he  centre,  the  whole  being  driven  from  two  lines  of  Main  Shafting 
passing  longitudinally  down  the  shop,  one  over  the  vertic^  shaft 
rom  the  Engine,  and  the  other  equidistant  from  the  opposite  wall, 
his  shaft  being  continued  over  the  Shop  Stores  and  passing 
)ver  the  Travelling  Platform  into  the  Carriage  Shed  for  driving  the 
Hoist  therein.  The  Smith's  Shop  is  next  to  the  Fitting  Shop, 
md  is  of  the  same  dimensions,  120  feet  by  60  feet ;  it  contains  a 
B'an  and  sixteen  Smiths'  Fires,  eight  of  which  are  placed  upon  each 
jide  of  the  Shop,  and  if  necessary  three  more  can  be  placed  at  the 
mds.  Next  to  this  is  the  Boiler  Shop,  the  same  size  as  the  Smithy, 
n  which  are  erected  eight  smiths'  fires,  on  the  side  next  to  the 
Smiths'  Shop ;  four  boiler  fires  are  placed  upon  the  opposite  side, 
md  tlie  punching  and  shearing  machines  at  tlie  entrance  end,  these 
md  the  fan  being  driven  by  a  shaft  passing  from  the  Engine 
trans versly  across  the  ends  of  the  shops.  Adjoining  to  the  left  and 
it  right  angles  with  these  is  the  Erecting  Shop,  which  is  1 50  feet 
3y  60  feet,  in  this  are  nine  transverse  lines  of  rails,  each  line  hold- 
ng  two  engines,  down  each  side  and  the  centre  are  pillars  sup- 
porting longitudinal  beams  for  carrying  the  Travelling  Cranes  one 
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> ;  both  these  Cranes  traverse  the  full  length  of  the 
iSLch  calculated  to  lift  an  Engine  and  move  it  to  any 
p,  if  neeessaiy. 

b,  and  bounding  the  west  side  of  the  works,  are  the 
arriage  Shops,  the  Waggons  being  on  the  ground-floor 
gfes  above ;  the  carriages  are  lifted  up  and  down  by 
rorm-hoist,  worked  by  the  shop  Engine.  These 
feet  by  70  feet,  the  Carriage  shop  will  hold  thirty- 
,  and  the  ground-floor  about  fifty  waggons ;  at  the 
re  the  lifting-room  below,  and  the   Trimming  and 

above,  each  60  feet  by  70  feet.     The  lines  in  the 
gon  shops  are  served  in  common  with  the  erecting 
illing  platform,  20  feet  by  12  feet,  running  upon  three 
agles  with  the  lines  in  the  shops, 
le  lifting-shop,  and  forming  part  of  the  south  boundary, 

60  feet  by  40  feet,  and  in  continuation  of  this  is  a 
king  stock  not  required  for  present  use ;  this 
jet  by  40  feet,  and  may  be  used  for  working 
«ssary.  In  a  line  with  this  and  at  the  soutli 
lie  woiks  is  the  Coke  Shed,  100  feet  by  40  feet ;  this  is 
that  the  Coke  Waggons  are  on  one  side  and  the 
)ther,  the  Coke  being  filled  into  baskets  upon  a  plat- 
le  Engines  and  Waggons,  and  transferred  from  thence 
the  waggon  line  side  of  the  shed  is  closed,  as  also  the 
ngine  line  inside  of  the  shed  is  open,  the  roof  merely 
the  Engines,  where  they  are  being  coked, 
jement  of  the  lines  into  and  in  the  works,  with  the 
ining  parallel  with  the  railway  outside,  is  shewn  by 
Plate  21. 


;ocK  observed,  they  had  never  experienced  the 
Ity  with  the  turn-table  in  the  rotunda,  or  the  two 
e  two  years  that  they  had  been  at  work.  There 
arising  from  a  want  of  balance  on  the  turn-table 
line  was  loaded  with  an  engine,  because  each  line 
ried  by  an  independent  pair  of  girders,  supported 
joined  together  iu  the  centre.  They  could  turn  an 
;be    table  in  about  a  minute,  with    three    men. 
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26  LOCOMOTIVE   WOEKSHOPS. 

and  it  was  sometimes  done  by  two  cleaners.  The  object  in  the 
arrangement  had  been  to  get  as  many  engines  in  as  small  a  space 
as  possible,  and  they  could  find  no  other  shape  so  well  adapted 
for  the  purpose,  or  into  which  so  many  engines  conld  be  got  in 
proportion  to  the  area,  with  the  same  convenience  and  room 
for  getting  about  them.  The  total  area  of  the  floor  of  the  buildiog 
is  a  little  over  17,000  square  feet,  which  is  equal  to  1,000  square 
feet  of  shed  surface  per  Engine  accommodated,  with  ample  room  to 
get  conveniently  around  each,  and  leaving  the  entrance  and  lines 
clear. 

Mr.  DocERAY  did  not  see  what  was  gained  by  the  oblique 
arrangement.  At  Cam  den- town  the  rotunda  was  160  feet 
in  diameter,  and  held  24  engines  on  the  old  arrange- 
ment, the  space  allowed  for  an  engine  and  tender  being  50  feet 
in  the  centre  to  turn.  If  the  columns  in  that  arrangement  were 
placed  sufficiently  far  back  to  get  a  clearance  between  the  engines, 
he  considered  they  would  not  lose  any  space. 

Mr.  Peacock  observed,  that  although  the  columns  might  be 
put  so  far  back  as  to  clear  the  Unes,  columns  were  always  very 
objectionable  and  inconvenient  at  the  side  of  the  engines,  and  he 
thought  the  central  column  much  preferable. 

Mr.  CowPER  suggested,  that  with  a  roof  of  only  150  feel 
span,  the  columns  might  be  entirely  done  away  with,  and  the  cosi 
not  be  increased  more  than  £l  per  square. 

Mr.  Peacock  observed,  with  respect  to  lifting  the  carriages 
into  the  upper  shop,  that  it  was  effected  in  two  minutes  by  the 
worm  hoist ;  the  time  was  not  an  object  of  importance,  as  there 
were  only  abouWtwo  carriages  raised  per  day. 

Mr.  Gibbons  suggested,  that  the  air-lift  might  be  ver^ 
advantageously  employed  for  the  purpose.  By  a  very  small 
abstraction  of  power  continuously  going  on  they  would  procure 
a  reservoir  of  power  of  large  amount  ready  to  be  applied  wher 
requisite,  and  be  enabled  to  lift  the  carriages  in  a  quarter  of  i 
minute.  There  was  one  advantage  in  the  employment  of  com 
pressed  air,  that  it  was  more  under  command  than  any  other  power 
and  more  easily  regulated. 

Mr.  Peacock  did  not  think  that  plan  could  be  applies 
economically  in  the  present  case,  as  it  would  involve  the  expense 
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voir;  the  object  had  been  to  ( 
se  as  simple  and  cheap  as  possit 
yed  was  a  1-foot  worm  workin 

f  AN  proposed  a  vote  of  thanks  i 
I ;  and  the  following  paper,  by  A 
ihen  read : — 

VED  VACUUM  GAUGE  FOR 

Late  f20,  represents  the  ordinar} 
mercury  is  contained  in  an  an 
immersed  a  glass  tube,  open  at 
top.  A  small  iron  pipe,  with  a  st 
•ndenser,  passes  through  the  mer 
to  the  top.  By  this  pipe  the  air  i 
nd  the  mercury  rises  in  it  in  j 
m  the  pressure  of  the  atmospli 
ipour  in  the  condenser, 
e,  firstly — that  it  does  not  ii 
mcondensed  vapour  remaining  in 
Q  opportunity  of  comparing  it  wi 
hat  the  mercury  is  frequently  di 
being  left  open,  while  blowing  thi 
Gauges  are  also  of  necessity  ci 
feet  long,  ^to  shew  the  higher  va( 

^late  20,  represents  the  Ordinar 
mall  glass  tube  closed  at  the  top  < 
ottom  is  bent  upwards,  ending  in 
i  its  upper  side.  This  tube  is  car( 
the  ordinary  barometer,  and  is  tfa 
ilosed  in  a  glass  case,  which  is  ce: 
in  a  stop-cock  and  a  pipe,  by  whic 
Condenser,  so  that  the  air  in  the  in 
lame  density  as  that  in  the  Conde 
is  only  from  8  to  10  inches  long, 
be  held  up  in  it  by  the  pressure 
the  density  of  it  is  reduced  bel 
L  a  column  equivalent  to  the  he 
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ew  only  the  higher  i 
he  gauges  may  be 
vident  that  they  will 
densed  vapour,  irres 
lese  reasons  this  gai 
0  doubt  its  empl( 
en  for  two  objectioni 
rom  the  Condenser  d 
ase  and  forms  a  mj 
*  it  impossible  to  < 
mding,  but  to  see  e 
liat  if  the  stop-cock 
inside  of  the  glass  b 
3  very  liable  to  be 
s  case  and  the  bra 
mt  that  the  gauge  is 
>eing  injured  by  the  ] 

e  Improved  Short  '^ 
ilar  to  that  of  Figure 
lent.  Instead  of  imi 
ss  chamber  connect 
[  in  a  brass  cup,  with 
rest  of  the  mercurii 
Qiddle  of  this  lid,  pre 
ression  in  the  scal< 
of  the  brass  cup  is  tl 
is  made  with  the  con 
a  it  and  the  cup  ;  an 
rface  of  the  mercury 
he  rarefaction  ;  a  fi 
containing  the  mer 
first  and  great  objci 
fy  and  likewise  the 
t,  viz. — the  risk  of  tl 
igh  ;  as  with  this  gai 
it  is  open  or  not,  as  1 
the  brass  closed  cup 
It  the  mercury  nor 
ithor  has  at  work  ui 
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Bver  3hut  off.  As  regards  their  leakage,  he  has 
J  pains  to  get  them  as  tight  as  possible  ;  and  in 
succeeded  that  the  first  one  put  to  work,  nearly  two 
3  of  the  pumping  engines,  at  the  Grand  Junction 
irentford,  retained  the  mercury  at  29  inches,  for  a 

engine  stopped,  and  no  doubt  would  have 
\  present  day,  had  it  not  been  opened.  The 
3Mle  with  a  hollow  plug ;  this  is  done  for 
30  to  diminish  the  risk  of  leakage,  as  one  end 
his  arrangement  contained  in  the  pipe  leading 

This  could  not  conveniently  be  done  with  any 
ere  are  none,  it  is  believed,  sufficiently  light  and 
irried  by  one  point  of  support  only,  and  that  the 
he  author  first  had  these  gauges  made  in  January^ 
Bn  about  thirty  or  forty  of  then^  have  been  adopted, 
od  are  all  giving  satisfaction, 
method  of  arranging  the  short  vacuum  gauge 
bvious  a  one,  that  the  author  is  quite  prepared  to 
lot  a  novelty  to  some  of  the  members,  although 
limself.  It  may  be  obsen^ed,  as  an  apology  for 
a  simple  matter,  that  the  alteration  in  the  arrange- 
t  is,  has  produced  a  neat  and  cheap  instrument, 
jctly,  in  place  of  a  rather  unsightly  and  expensive 
juently  utterly  useless  from  its  being  obscured 
sing  in  it. 


I  observed,  that  the  instrument  was  very  efl[icient 
ntended.  He  could  speak  practically  on  this 
lot  new  to  him,  although  he  was  not  before  aware 
'Mr.  Bramwell's  invention.  For  three  years  he  had 
same  construction  in  use  at  Fox,  Henderson, 
They  worked  extremely  well,  and  there  was  no 
ting  off  the  cock  ;  he  believed  it  was  the  idea  of 
►irmingham,   by  whom  those  instruments  were 

kiAN  thought  that  the  instrument,  though  a  simple 

Ttainly  a  valuable  improvement. 

\  remarked,  it  was  interesting  to  find  different 

►plied  to  the   same  practical    subject,    arriving 

t. 
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ierable  delay,  is  well  known.  -Also  the  excess  of 
being  once  commence,  its  effects  are  ere  long 
3rangement  of  the  Permanent  Way ;  and,  as  soon  as 
Way  becomes  out  of  order,  its  very  derangement  in 
a  cause  of  mischief,  and  combines  in  the  general 
id  destruction  of  both  way  and  machinery, 
il  of  the  endway  motion  in  axles  is  the  oscillation 
le  Engines  and  Carriages,  which  contributes  by 
g  and  vibratory  motion  to  the  excess  of  wear,  and 
f  all  the  joints  of  their  machinery,  and  adds  to  the 
low  with  which  the  flanges  of  the  wheels  strike 
),  creating  undue  straining  upon  the  guide  plates, 
their  fracture,  and  excessive  wear.  This  also  adds 
>f  breakage  of  the  axles  by  the  lateral  strain  from  the 
wheels  suddenly  striking  the  switches  and  crossings 
»ugh  them,  as  well  as  the  main  rails ;  the  effect  of 
iking  or  blow  being  so  much  greater,  and  of  so  much 
s  tendency,  when  it  is  aided  by  the  weight  of  the 
>ad,  and  risking  not  only  the  probability  of  the  fracture 
t  also  of  the  vehicle  when  at  high  velocity  getting 
'his  oscills^tion  also  occasions  much  discomfort  to 
i  ground  of  complaint.  Every  time  the  flange  of 
kes  against  the  rail,  the  speed  of  the  vehicle  is 
le  progress  of  the  train  retarded,  unless  the  check 
rercome  by  the  exertion  of  a  greater  amoimt  of 
3r  than  would  otherwise  be  required ;  hence  a  neces- 
greater  consumption  of  fuel,  and  a  consequent 
Qse  is  occasioned :  and  it  may  be  remarked  also, 
king  of  the  Engine  arising  from  the  endway  motion 
ind  the  concussions  of  the  flanges  of  the  wheels 
3,  much  of  the  firing  is  from  time  to  time  shaken 
box,  and  wasted  on  the  road,  thereby  adding  to  the 
r  fuel. 

tte  23,  shews  a  section  of  the  Improved  Axle  Box. 
iring-piece,  fitted  to  slide  in  the  boss  L,  and  capable 
ed  to  any  required  distance  from  the  end  of  the  axle 
w  the  latter  to  revolve  without  friction,  and  at  the 
enting  any  excess  of  endway  motion.  The  end  of 
little  rounded,  and  is  lubricated  through  the  hole 
bove  it;   the  bearing-piece  acts  eccentrically  against 
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>r  the  purpose  of 
lent  is  efifected  by 
1  of  the  axle,  and 
re  merely  a  slight 
:ed  m  its  place  by 
loles  F,  which  are 
,  so  as  to  allow  of 
is  kept  in  its  posi- 

nciple  to  existing 
I  on  to  the  front  of 

of  the  same  prin- 
isted  hy  means  of 
and  set-screw;  in 
ipensed  with.    In 

and  in  Fig.  6  the 
wedge  and  slides 
a  screw.  Several 
application  of  tho 
her  new  or  old. 

the  exception  of 
'Boxes  were  first 

of  the  Brighton 
ipwards  of  10,0«>'^ 
Eastern  Eailway. 
nch  too  short,  to 
mey  from  London 

first  manifested, 
\  a  short  stoppage 
id  bearing-pieces 
ased ;  one  of  the 
e  Meeting.  The 
len  applied,  have 
ling,  that  the  full 
'  the  road,  whero 
>ortant  advantage 
effected  whenever 
t  of  the  train. 
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int  is  the  Grit  and  Dust  that  is  thrown  up  by  th( 
wind,  finding  their  way  between  the  journals  anc 
the  injury  done  by  this  cause  is  manifest  in  thi 
ixles  and  bearings,  with  their  concurrent  excessive 

wear,  and  the  delays  and  expense  attendant  upoi 
I  to  remove  this,  the  Grit  Shield  is  designed  in  th< 
ox.  The  circular  ring  S  is  attached  by  two  screwi 
of  the  axle  box,  and  the  corresponding  ring  T  ii 

axle  and  revolves  with  it ;  the  flanges  of  these 
with  each  other  without  touching  or  causing  anj 
ent  any  grit  or  dust  from  passing  between  then 
le  journal.  The  grit  shield  is  not  applicable  tc 
le  present  form  of  their  wheels  and  axles. 

)f  the  remaining  portion  of  tlie  invention  is  U 
i  of  the  lubricating  material  used  for  the  jouma 
ccurs  in  the  ordinary  axle  boxes,  and  to  save  the 
}d  for  this  purpose  and  work  it  over  and  over  again 
reducing  one  important  item  in  the  working 
uder  cap  is  slipped  up  into  the  lower  part  of  the 
id  fixed  there  by  bolts  passing  through  the  sides 
hich  in  new  axle  boxes  is  cast  in  one  with  the  box 
acle  for  the  cast-iron  Grease  Drawer  H,  whicli 
sr  part  of  tlie  axle  box  and  is  seciu-ed  by  the  spring 
ibricating  material  passing  over  the  journals,  falh 
and  may  whenever  necessary,  by  turning  over  the 
[rawer  into  the  top  of  the  box,  be  used  again  anc 
ibricating  properties  have  become  deteriorated ; 
it  gently  in  a  vessel  with  a  small  quantity  of  water 
atter  will  sink  to  the  bottom,  and  the  grease  anc 
,t  the  top,  purified  and  again  fit  for  the  purpose  o 
this  means  the  large  amount  of  saving  has  resultec 
Q  5-6ths  to  7-8ths  of  the  tallow  and  oil  passed  ovei 
material  proving  afterwards  even  of  a  better  lubri 
an  at  first,  from  the  ingredients  becoming  more 

ither  material  advantage  attending  this  part  of  the 

uch  as  Oil,  which  is  generally  admitted  to  be  i 

and  more  certain  in  its  action  than  grease  of  anj 

ostly  kept  out  of  use,  by  reason  of  the  great  waste 
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h  reference  to  that  they  had  scarcely  any  trouble, 
f  2,500  waggons  they  very  rarely  had  cases  of  hot 
used  a  very  large  grease  chamber,  and  hence, 
^as  a  large  quantity  of  grease  present,  the  bearing 
[  that  there  was  very  little  demand  for  it. 
'  discussion  of  the  subject  was  adjourned  to  the 
id  a  vote  of  thanks  was  passed  to  Mr.  Barrans 

ig  then  terminated ;  and  in  the  evening  a  number 
and  their  friends  dined  together. 
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obtained — scoop  wheels  for  draining — 
md  practical  application,  power  obta 
and  economy. 

L8,  particulars  of  construction — numb< 
form   of    sails — ^velocity,   and  power 
ar  of  day's  work  per  annum. 
Ls,  particulars  of  improvements — powei 
of  steam  power — results  of  working  \ 
tages  of  regularity  of  motion, 
xs,  particulars  of  the  construction  and 
application  of  the  hydraulic  press  in  j 
J,  particulars  of  construction — mode 
yed — particulars  of  work  done — best 
ircular  saws — form  of  saw  teeth — saw 
imbers. 

.  facts  relating  to  the  construction  and 
LLS,  information  respecting  the  constm 
of  the  machinery — ^power  employed, 
— cotton  presses,   mode  of  construct 
employed. 

'  for  manufacturing  Flax,  both  in  the 
and  when  cut. 

ULLs,  improvements  in  machinery  for 
-mode  of  applying  power — steam  he 
plates — fancy  sections. 
lND  Coining  Machinery,  particulars  of 
[iNo  AND  Paper  Cuttikg  Machines, 
[achines, 

iNTLNo  Machinery, 

MPS,  facts  relating  to  the  best  const 
ig,  and  application — best  forms — ^veloc 

ditto  ditto 

Presses,  facts  relating  to  the  best  co: 
-king,  and  application. 
iEs,  ditto  ditto 

ditto  ditto 

ditto  ditto 

NES,  ditto  ditto 

lAisiNO  Trucks,  &c.  ditto  ditto 

.ANiNo,  Boring,  and  Slotting  Machine 
;)rovements — description  of  new  self-ac 
Vheels,  best  construction  and  form  o 

ELTs  AND  Straps,  best  make  and  mate] 
percha,  &c. — comparative  durabilit; 
Qg — power  communicated  by  certain  si 
OF  Materials — facts  relating  to  exp 
eneral  details  of  the  proof  of  girders,  6 
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BIRMINGHAM,   ON   23rd   APRIL,    1861. 
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the  journal ;  the  Grease-drawer  prevents  the  waste  that  would 
the  application  of  oil  in  ordinary  axle  hoxes.  The  cover  of  the 
\  made  with  a  lip  all  round  the  edge,  which  shuts  over  the  pro- 
y  edges  of  the  opening,  so  as  to  prevent  any  of  the  water  used  in 
[ig  the  carriages  or  otherwise  from  getting  into  the  box,  as  the  oil 
lighter  than  the  water,  would  otherwise  be  lost  out  of  the  box 
water  were  allowed  to  get  in. 

Iiese  boxes  have  been  applied  to  a  Carriage  on  the  South  Eastern 
where  it  has  been  working,  lubricated  with  oil  only,  for  the  last 
months,  perfectly  cool  and  steady,  and  having  neither  required 
id  any  attention  to  the  lubrication  on  any  journey  between  London 
>over,  between  which  places  it  has  run  alternately  in  the  Mail  and 
38  Trains  ;  and  in  an  accurate  experiment,  tried  for  the  continuance 
^eek,  during  which  it  ran  1 092  miles,  it  was  found  that  rather 
ban  half  a  pint  of  oil  had  been  consumed  in  lubricating  the  four 
.  The  Dover  Mail  Engine,  with  these  boxes  applied  to  the 
ig  wheels  only,  has  been  working  for  the  last  five  mouths  lubri- 
with  oil  only,  and  running  cool  and  steady ;  these  boxes  have 
been  working  on  three  Engines  on  the  Brighton  Railway,  one  of 
has  run  with  them  14,260  miles,  (these  Engines  being  lubri- 
with  oil  and  grease,)  producing  great  steadinesss  of  running,  and 
I  perfect  satisfaction,  which  they  continue  to  do  to  the  present 
An  experiment  on  one  of  these  Engines  showed  that  in  one  week, 
^  which  it  ran  1004  miles,  out  of  three  pounds  of  tallow  and  two 
of  oil,  delivered  out  of  store  for  lubricating  the  two  leading 
of  that  Engine,  3  lbs.  6  oz.  of  mixed  oil  and  tallow  was  caught  in 
*ease-drawer,  and  returned  into  store,  besides  a  pound  of  tallow 
il  left  in  the  tops  of  the  boxes,  thus  showing  a  saving  of  seven- 
is  of  the  total  quantity.  These  boxes  have  also  since  been  applied 
first-class  Carriage,  and  to  a  Break-carriage  of  the  Brighton 
jss  Train,  lubricated  only  with  oil,  with  the  old  worn  bearings  con- 
i  in  the  boxes,  and  in  a  week  s  daily  running  from  Brighton  to 
on  and  back,  half  a  pint  of  oil  only  having  been  supplied  to  each 
less  than  one  half  the  quantity  so  supplied  was  consumed,  and 
carriages  ran  perfectly  steady  and  cool. 
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js  exhibited  a  specimen  of  the  axle-box  arranged  to 

and  stated  that,  by  the  plan  adopted,  they  found 

,ving  was  effected  in  the  cost  of  the  lubricating 

in    the    trouble  and   attention   required    for   the 

R  inquired  whether,  as  the  brasses  wore,  and  the 
was  screwed  up  to  follow  the  wear,  there  would 
icement  of  the  axle-box,  and  a  strain  thrown  on 

and  the  spring- ties? 

^js  said  that  there  would  not  be  any  displacement 
t,  as  the  effect  of  the  adjustment  was  simply  to 
rays  in  the  same  correct  position  that  it  had  when 
id  to  prevent  lateral  movement  taking  place  when 

worn  shorter.  He  did  not  allow  the  adjusting 
30  as  to  occasion  friction,  and  there  was  a  slight 
s  left  at  the  ends  of  the  axle, 
observed  that,  when  the  ends  of  the  brasses  were 
rs  of  the  journals  would  be  useless. 
NS  replied,  that  no  collars  were  required  on  the 
is  axle-box ;  and  he  proposed  in  new  axles  to  make 
lite  plain  without  collars,  as  shown  in  one  of  the 
Fig.  3,  Plate  23.) 

MAN  inquired  whether  they  had  had  any  particular 
the  steadiness  of  the  carriages  where  this  axle-box 
the  other  similar  carriages  where  it  was  not  used  ? 
NS  replied,  that  in  the  engines  where  the  box  was 
ning  was  unusually  steady  ;  the  engine-drivers  were 
se  the  speed  in  consequence  in  passing  over  the 

worst  parts  of  the  line ;  and  the  guards  reported 
ages  ran  much  steadier  than  before  that  are  fitted 
OYcd  axle-boxes.     He   had  endeavoured   to  try  a 


Digitized  by 


Google 


Digitized  by 


Google 


Digitized  by 


Google 


Digitized  by 


Google 
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g  from  24  to  30  feet  in  thickness ;)  obsendng  at 
that  the  principles  are  equally  available  to  the 
5f  other  districts  ;  for  it  is  obvious  that  it  is 
cult  to  drain  the  upper  part  of  the  Coal  of  the  great 
3  feet,  of  its  Carburetted  hydrogen,  than  that  of 
This  arises  from  the  great  letnty  of  the  Carburetted 
g  out  of  the  Coal,  (which  is  the  explosive  Gas  found 
(  for  it  will  always  rise  to  the  highest  point  as  soon 
;  and  it  is  plain  that  in  excavating  Coal  of  tliis 
large  masses  must  be  detached,  and  pockets  or 
J  formed,  which  are  instantly  filled  with  this  gas, 
in  in  which  a  level  roof  can  be  generally  secured  or 
)  kept  free  from  accumulations  of  this  gas  with  much 

3r,  1846,  in  consequence  of  a  frightful  explosion 
Oldbury,  the  Author  was  induced  to  publish  a  small 
I  written  currents  calamo,  and  which  described  the 
'entilation  adopted  and  practised  by  him  for  many 

the  thick  and  thin  mines  that  were  worked  under 
)erintendence. 

ction  of  the  subject  was  very  unpopular  amongst  the 
lines  generally,  who  dreaded  the  threatened  inter- 
jmment  with  their  operations.  This  Work  only 
er  into  the  question  of  the  Ventilation  of  the  South 
lick  Coal ;  but  from  the  apprehension  referred  to 
or  was  assailed  from  all  quarters  ;  correspondents 
on-Tyne,  Newcastle-under-Lyne,  Shropshire,  North 
«,  containing  Mines  of  very  different  character,  and 
-  been  alluded  to  by  him,  all  united  in  one  general 
mch  outrageous  innovations  ;    and  if  he  had  pro- 

from  the  Pope,  a  greater  outcry  could  not  have  been 
aid  he  was  an  ignorant  innovator;  others,  a  mere 
t  was  generally  settled  by  these  worthy  philosophers 
t  know  what  he  was  talking  about,  and  pretty 
I  that  he  was  wrong  on  all  points,  and  right  upon 

will  first  recapitulate  the  substance  of  a  part  of  his 
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rrent  will  take,  and  which  will  become  the  downcast 
•ally  found  that  a  current  of  Air  does  take  place, 

be  said  always  takes  place)  without  any  other 
iployed;  but  the  determining  power  is  so  faint,  that 
e  upcast  pit  with  such  trifling  velocity,  it  is  liable  to 

the  action  of  the  wind  or  by  atmospheric  changes, 
les  happens  that  the  Air  becomes  quiescent,  or  an 
in,  alternately  ascending  and  descending  the  same 
,  in  Miner's  language,  the  Pits  **  fight,"  and  the  Air 
cend  nor  descend  with  regularity  in  one  direction. 
I,  the  course  of  the  Air  will  be  sometimes  inverted 

that  which  should  be  downcast  pit  becoming  the 
e  mine  then  becomes  exposed  to  the  most  fearful 
the  workings  have  been  opened,  by  the  Air  being 
ds  along  the  Airhead  into  the  reservoirs  of  Gas 
ipper  cavities  of  the  workings,  and  issuing  into  the 
ged  with  the  Gas  to  the  firing  point,  causing  an 
uch  many  familiar  instances  might  be  adduced. 

of  this  change  in  the  direction  of  the  Air  current 
jreased  by  the  upcast  Pit  being  used  as  a  working 
cast  Pit,  which  is  in  fact  the  main  Gas  and  Air  way, 
it  always  to  be  closed  from  the  external  air,  and  the 
iirrent  guarded  from  disturbance  or  commotion,  to 
htest  interruption  to  the  current  of  air  upon  which  the 
end,  is  kept  in  a  state  of  constant  agitation  by  the 
cent  of  the  "  skips  "  loaded  with  Coal,  which  nearly 
To  crown  this,  when  every  skip  arrives  at  the  top  of 
riage  boarded  over,  called  the  "runner,"  is  wheeled 

of  the  pit  whilst  the  Coal  is  landed,  and  then  with- 
the  skip  to  descend.  It  is  obvious  that  the  air,  which 
)e  disturbed,  is  thus  constantly  liable  to  be  in  con- 
;s  more  or  less,  sometimes  upwards  and  sometimes 
i  whenever  the  Mouth  of  the  Shaft  is  covered  by  the 
is  in  a  state  of  partial  stagnation.  But  it  sometimes 
8  chain  or  tackle  by  which  the  skip  is  suspended 
he  ascent  in  the  upcast  Shaft ;  the  skip  then  drops 
,  drives  the  air  before  it  with  great  velocity  along  the 
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ir-head,  and  forces  the  Gas  out  of  the  cavities  into  the  Workings 
ownwards  upon  the  candles  of  the  workmen ;  and  this  the  Author 
as  known  to  happen  many  times. 
When  the  two  Pits  are  sunk  down  through  the  stratum  of  Coal 

0  feet  in  thickness,  a  "Gate-road"  or  Horse-way  is  next  driven 

1  the  bottom  of  the  Coal  from  8  to  0  feet  high,  and  about  the  same 
ridth,  commencing  from  the  bottom  of  the  downcast  pit. 

At  the  same  time  (or  rather  before,  as  it  should  always  precede 
le  Gate-road)  an  Air-head  is  driven  about  the  middle  of  the  Coal, 
r  15  feet  high  from  the  **  floor"  or  bottom  of  the  Coal,  commencing 
•om  the  downcast  pit.  The  Gate-road  and  Air-head  are  then 
riven  in  parallel  lines  at  the  same  level  upon  which  they  commence, 
>r  the  distance  of  100  to  600  yards  or  more,  according  to  the 
iiantity  of  Coal  intended  to  be  cleared  by  the  Pits. 

A  series  of  "  Spouts  "  or  openings  are  driven  upwards  from  the 
ate-road  into  the  Air-head  at  intervals  of  each  10  or  16  yards,  (as 
le  Coal  may  give  out  more  or  less  Gas,)  which  carry  oflf  the  Gas, 
id  produce  a  current  of  Air  for  the  workmen,  each  spout  being 
osed  up  when  a  new  one  is  made  in  advance.  The  excavation  of 
te  whole  thickness  of  the  stratum  of  Coal  30  feet  thick  is  then  pre- 
ceded with,  by  opening  right  and  left  from  the  end  of  the  Gate- 
>ad,  and  excavating  a  "side  of  work"  which  forms  a  square  cavity, 
ly  about  90  yards  long  by  60  yards  wide,  or  about  an  acre;  the 
hole  of  the  Coal  being  taken  away  as  far  as  practicable,  excepting 
le  "Pillars"  of  Coal,  generally  10  yards  square,  and  10  yards 
[stance  from  each  other,  which  are  left  to  support  the  superin- 
imbent  strata. 

The  Air  descending  the  downcast  pit,  and  travelling  along  the 
ate-road  into  the  Workings,  ascends  to  the  Air-head,  and  travers- 
ig  that,  ascends  the  upcast  pit,  carrying  with  it  the  Gas  and  impure 
ipours,  as  far  as  such  imperfect  and  interrupted  means  will  eflfect, 
id  delivering  them  into  the  open  air. 

By  this  plan,  we  may  contrive,  where  this  system  is  adopted,  to 
mtilate  the  mine,  though  imperfectly,  until  the  lower  15  feet  of 
le  Coal  is  excavated ;  but  where  the  whole  thickness  of  the  Coal 
>ove  the  Air-head  has  been  removed,  by  undergoing  the  Coal  from 
e  bottom,  and  dropping  it  down  in  large  masses,  the  upper  portion 
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)f  double  thickness  and  secure  strength,  from  the  two  arches 
ing  against  each  other. 

his  Air  Chunney  is  carried  from  the  top  to  the  bottom  of  the 
:  and  is  sufficient  to  carry  off  all  the  Gas  and  such  quantity  of 
s  may  be  required  in  the  mine.  The  men  carry  always  an 
dant  supply  of  air  with  them,  and  the  efficiency  of  the  Air 
mey  is  strikingly  displayed  in  sinking  the  Shaft  ;  when  tlie 
ary  pits  are  simk,  after  a  charge  of  Gunpowder  has  been  fired 
isting  such  measures  as  require  it,  (and  most  of  them  do,)  a 
derable  space  of  time  elapses  before  the  smoke  is  sufficiently 
pated  to  allow  the  sinkers  to  descend  and  renew  their  work ; 
irhen  ihe  Air  Chimney  is  used  the  smoke  is  at  once  dispersed, 
before  a  man  can  reach  the  bottom  of  the  Shaft,  it  is  carried 
by  the  Air. 

he  Gate-road  i«5  driven  from  the  Shaft  at  the  bottom  of  the 
as  in  the  ordinary  plan,  but  the  Air  head  is  driven  from  the 
Jhimney  within  two  feet  of  the  top  of  the  Coal,  or  higher  if 
icable,  the  vertical  Air  Chimney  terminating  at  the  level  of  the 
ontal  Air-head.  The  Gate-road  and  Air-head  are  carried  for- 
3  in  a  parallel  direction  to  the  extent  of  the  work,  as  before 
ibed  in  the  ordinary  system  ;  and  "  Spouts  "  or  openings  are 
n  upwards  to  connect  them,  at  about  every  16  yards,  in  the 
manner  as  before  described,  every  spout  being  bricked  up  close 
ccession,  when  a  fresh  one  is  made  in  advance,  so  as  to  make 
urrent  of  Air  traverse  the  whole  extent  of  the  Gate-road  before 
es  up  to  the  Air-head  and  passes  away  to  the  Air  Chimney, 
e  spouts  can  only  be  driven  perpendicularly  upwards  from  the 
-road  to  the  Air-head,  and  each  of  them  being  about  18  feet 
in  the  30  feet  Coal,  a  formidable  practical  difficulty  viras 
rienced  by  the  Author  in  the  King  Swinford  Pits,  where  the 
being  contiguous  to  a  great  fault,  it  abounded  in  Gas  to  so 
a  degree,  that  when  a  spout  was  carried  up  a  very  few  feet,  it 
ne  so  filled  with  Gas  that  no  man  could  work  in  it.  But  to 
how  small  an  aperture  is  necessary  for  the  escape  of  the  Gas 
i  imdiluted  state,  this  difficulty  was  overcome  by  boring  upwards 
the  spout  a  hole  four  inches  diameter  into  the  Air-head  ;  the 
9ed  off  instantly,  followed  by  a  stream  of  Air  sufficient  to  ven- 
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ad  and  to  enable  the  men  to  work  with  Candles  in 
irfect  safety. 

)n  of  the  Coal  is  commenced  in  the  same  manner 
J  system,  by  driving  at  right  angles  from  the  end  of 
begin  a  "  side  of  work,  "  and  the  ventilation  is 
etely  and  continuously  from  the  extremity  of  the 
be  whole  of  the  Coal  to  the  top  is  removed.  The 
is  constantly  drained  off  from  the  upper  surface  of 
le  Air-head  and  the  numerous  spouts  or  cross 
emain  all  open  to  the  Air-head  by  means  of  a 
;ft  in  the  stopping  as  they  are  successively  stopped, 
intly  drain  off  the  Gas  most  effectually,  by  piercing 
ing  the  horizontal  layers  of  Coal,  and  thus  tapping 
L  at  so  many  different  points.  The  process  resembles 
a  bog  of  its  water  by  cutting  two  main  parallel 
ling  the  whole  into  a  series  of  square  portions ;  but 
ipe  with  a  greater  facility  than  water,  and  is  carried 
dty,  causing  a  rapid  current  in  the  Air-head  without 
an  artificial  current  of  Air,  as  fast  as  it  is  released 
>f  fresh  masses  of  Coal,  which  is  a  circumstance 
pessary  facility  for  rapidly  draining  the  Coal.  By 
[anger  of  any  accumulation  of  a  reservoir  of  Gas  in 
\  upper  part  of  the  workings  is  effectually  prevented. 

is  lighter  than  the  Air  must  have  been  known  ever 
been  worked ;  but,  as  far  as  the  Author*s  knowledge 
practical  mode  has  ever  either  been  adopted  or  re- 
jct  the  purpose  of  draining  off  the  Gas.  Boring  holes 
hrougb  the  Coal  was  one  plan  suggested ;  but  inde- 
liter  inefficiency  of  the  plan,  the  expense  would  be  so 
It  that  wholly  out  of  the  question  ;  added  to  which,  the 
almost  all  instances  filled  up,  either  by  earth  falling 
water  lodging  in  them,  which  would  render  them 

which  has  been  suggested,  has  been  to  drive  an  Air 
und  the  area  of  Coal  which  has  to  be  got,  in  the  same 
igbt  be  made  round  a  fortified  place ;  the   Author 


Digitized  by 


Google 


Digitized  by 


Google 


VENTILATION    OF   MINES.  19 

the  workings,  and  this  difference  of  specific  gravity 
ined  constantly  free  from  disturbance  by  accidental 
luch  an  extent  as  to  produce  under  all  circumstances 
oi  propelling  power  that  is  found  sufficient  for  the 
ation  of  the  mine.  This  is  accomplished  by  con- 
5le  of  the  Gas  in  a  continuous  ascending  column,  free 
on  or  disturbance  up  the  separate  Air  Chimney  ;  and 
power  is  further  increased  by  erecting  a  "  Ventilating 
sufficient  height  on  the  surface  of  the  ground,  into 
ch  the  Air  Chimney  is  continued,  so  as  to  form  one 
^.ir-flue  from  the  top  of  the  Ventilating  Chimney 
r-head  in  the  seam  of  Coal.  By  this  means  a  long 
shown  that  a  constant  draught  is  established  and 
le  occasional  aids  of  a  small  Furnace  or  Steam  Jet, 
sufficient  in  all  ordinary  cases  to  defy  wind  and 
so  to  produce  a  current  sufficiently  strong  that  it  may 
ch  portions  withdrawn  from  the  main  stream  of  Air 
nd  requisite  to  carry  on  the  preparatory  work  to 
5t  of  Coal. 

the  Gate-road  and  Workings  is  warmed  above  tlie 
the  Air  on  the  surface,  in  ordinary  mean  temperatures, 
lie  earth,  and  is  consequently  rarified ;  this  is  aided 
an  would  be  generally  supposed  by  the  heat  pro- 
e  numerous  workmen,  horses,  and  candles,  employed 
nd  the  further  current  caused  by  the  escape  of  the 
•e  specifically  lighter  than  the  Air.  The  Air-head 
Qterrupted  and  continuous  passage  into  and  through 
ey  from  the  Workings,  and  delivered  into  the  Ven- 
5y,  and  a  draught  is  constantly  maintained  sufficient 
irposes.  The  weak  power  of  draught  that  exists  in 
is  materially  diminished  by  the  upcast  shaft  being  of 
m  the  Air-head  through  which  the  air  must  pass,  and 
eternal  Air,  and  thus  cooled  down  below  the  tem- 
Air  after  it  has  travelled  through  the  mine.  The 
ent  in  consequence  of  the  large  area  of  the  upcast 
red  with  the  Air-head  is  languid  and  slow,  which  is 
I  objection :  whereas,  in  the  Author's  judgment,  the 
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separate  section  of  mine  appropriated  to  it;  (by  this  means 
ill  detached  portions  of  mine  have  been  got  to  advantage,  that 
dd  not  have  paid  for  the  expense  of  two  shafts.) 
By  this  arrangement,  a  much  smaller  quantity  of  Air-heading  is 
lired  to  "get"  the  same  area  of  Coal,  and  the  process  of  complete 
itilation  can  be  more  easily  carried  out,  as  will  be  hereafter 
ced ;  and  although  communications  between  diflferent  Shafts  by 
Gate-roads  might  be  occasionally  convenient,  these  communica- 
s  may  be  under  the  care  and  sole  control  of  the  Mine  Director, 

may  keep  the  doors  locked,  if  advisable  ;    the  Ventilation  is 
;  not  materially  disturbed. 

[n  the  diflferent  plans  for  Ventilating  Mines,  the  merit  appears  to 

i  been  awarded  to  those  more  especially  who  have  succeeded  in 

ng,  by  any  means,  either  mechanical  or  by  the  use  of  powerful 

aces,  the  largest  possible  quantity  of  Air  through  the  workings  in 

Ten  time.     The  principle  explained  in  the  present  paper  is 

ly  different  and  diametrically  opposite,  for  it  is  grounded  on 

ning  the  gas  away  from  the  coal  before  it  is  worked,  and  then 

ing  the  coal  when  it  is  thus  drained,  and  carrying  no  more  Air 

u^  the  Mines   than  is  required   for  light,   life,  and  health, 

it  is  foimded  on  the  old  maxim  that  "  prevention  is  better  than 
»» 

[t  is  perfectly  true  that  if  a  Mine  supplies  1000  cubic  feet  of  Gas 
DDdnute,  then,  and  in  such  case,  30,000  cubic  feet  of  Air  per 
ate  must  be  passed  through  the  workings  in  order  to  dilute  it 
le  point  of  safety,  and  to  make  safe  provision  for  the  varying 
omstances  of  change  of  atmosphere  which  may  slacken  or  affect 
ventilation  ;  that  is,  if  the  Gas  is  allowed  to  pass  through  or  into 
Workings  at  all.  But  the  principle  advocated  in  the  present 
rr  is  to  prevent  the  Gas  passing  into  or  through  the  Workings, 
to  allow  it  to  escape  by  proper  passages  made  above  the 
[  where  the  Men  work,  and  to  allow  it  to  pass  away  by  its 
levity,  which  it  speedily  and  rapidly  does,  if  proper  outlets  are 
ided  for  its  escape  in  the  highest  part  of  the  Mine.  That  is  to 
supposing,  as  a  general  illustration,  that  1000  cubic  feet  of  Gas 
minute  is  emitted  by  the  Goal  and  passed  through  the  workingsy 
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28  VENTILATION    OF    MINES.   . 

owing  to  the  nature  of  the  roof  of  the  mine ;  hut  this  the  Author  has 
never  yet  seen,  and  is  disposed  to  think  that  it  never  can  happen. 
He  is  getting  veins  of  Coal  of  thirty  feet  in  thickness,  (in  two 
successive  workings  of  1 5  feet  each,)  also  veins  of  six  feet,  four  feet, 
and  three  feet  thicknesses ;  the  roofs  of  these  various  coals  differ  in 
their  tenacity,  and  some  of  them  are  extremely  tender,  and  yet  the 
whole*  of  the  Coal  is  extracted  from  these  veins,  hoth  the  thickest 
and  the  thinest,  hoth  large  and  small  Coal,  with  the  greatest  facility 
and  safety;  and  if  the  Author  was  called  upon  to  express  ii 
preference  of  any,  he  would  prefer  a  tender  roof  to  one  formed  of 
rock. 

The  dangers  obviated  by  this  mode  of  working  are  doublj 
important ;  the  roof  gradually  descends  as  the  mine  is  excavated  ; 
all  dangers  are  left  behind,  and  the  roof  is  consolidated  into  a 
compact  mass  by  the  weight  of  the  superincumbent  strata,  conse- 
quently no  "  goaf,"  or  hollow,  is  ever  formed,  and  no  lodgement  of 
gas  can  take  place.  Secondly,  no  large  or  small  coal  being  left 
behind,  the  heating  of  the  goaf,  or  the  spontaneous  combustion  to 
which  all  mines  are  liable  where  small  coal  or  slack  is  left,  can 
never  take  place. 

The  Author,  as  observed  at  the  commencement  of  this  paper, 
wishes  to  avoid  entering  upon  any  remarks  that  may  appear  to 
censure  any  of  the  systems  of  getting  mines  different  from  that 
practised  by  himself.  He  does  not  wish  dogmatically  to  assert  that 
such  systems  may  not  be  necessary  in  some  cases,  although  it  is 
not  apparent  to  him  why  they  ever  can  be  necessaiy.  Men  of  great 
science  and  ability,  he  is  willing  to  believe,  may  have  good  and  valid 
reasons  for  the  adoption  of  the  plans  they  pursue  in  particular  cases ; 

•  Note. — The  extraction  of  the  whole  of  the  SO  feet  ooal  was  fint  aooom- 
plished  in  the  collieries  of  James  Foster,  Esq.,  on  the  snggestion  of  George 
Jones,  Esq.,  some  years  before  any  other  person  attempted  it ;  it  is,  indeed,  only 
carried  out  sucoessfiiUy  at  present  by  Mr.  Poster  and  the  Anthor.  The  Author  is 
happy  in  having  this  opportunity  of  giving  his  testimony  to  the  fact,  and  also  to 
the  credit  justly  due  to  Mr.  Jones,  for  his  bold  and  correct  conception ;  and  to 
Mr.  Foster,  for  his  sagacity  and  energy  in  carrying  it  out.  The  Author  has  shown 
(what  might  have  been  doubted)  that  this  is  done  with  perfect  success,  and  that 
it  is  quite  suitable  to  his  principles  of  ventilation,  and,  indeed,  is  admirab^  effi- 
cient in  practice,  as  regards  the  drainage  of  the  gas  from  the  cual. 
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It  Others  may  imitate  their  system  'where  the  same  reasons  that 
ly  be  urged  in  those  cases  do  not  apply.  But,  as  the  Author  is 
spared  to  show  that  they  oflfer  veiy  great  impediments  to  a  sound 
jtem  of  Ventilation ;  that  in  case  of  accident  they  are  attended 
Lh  the  most  awful  and  distressing  results ;  it  would  be  inexcusable 
him  not  to  make  some  remarks  as  to  their  disadvantages,  for 
I  purpose  of  pointing  out  to  the  observation  and  attention  of 
»se  engaged  in  mines  the  propriety  and  necessity  of  making 
se  modes  of  working  mines  as  few  and  ewceptional  as  possible. 
He  has  already  observed  that,  in  the  mode  of  working  mines  in 
les  and  Pillars,  where  a  part  of  the  Coal  is  of  course  left,  and 
ntually  lost,  the  difficulty  of  obtaining  safe  ventilation  renders 
accomplishment  nearly  impossible ;  and  upon  this  point- he  will 
y  notice  further  the  deplorable  consequences  that  follow  when 
accidental  explosion  takes  place.  At  NewcasUe-on-Tyne,  the 
ttices  being  all  blown  down  by  an  explosion,  and  the  workings 
Oiled  with  carbonic  acid  gas,  and  no  means  existing  of  quickly 
tx>ring  the  ventilation  (which  arises  from  the  system  employed, 
at  the  Felling  Collieiy  and  many  other  similar  cases,)  the 
}  and  Workings  could  not  be  entered,  nor  the  bodies  of 
men  recovered  for  weeks,  nay,  even  months.  Every  man  in 
mine,  though  out  of  the  reach  of  the  explosion,  necessarQy 
i  his  life  by  the  after-damp.  A  very  recent  case  in  Scotland, 
Nitshill,  where  sixty-one  lives  were  lost,  is  a  striking  ex' 
pie;  although  this  Pit  had  a  good  and  distinct  Upcast  Shaft, 
I  Brattices  were  destroyed,  the  Air  of  course  proceeded  along  the 
trtest  and  most  direct  road  from  the  Downcast  to  the  Upcast 
ift,  and  all  the  men  who  had  been  supplied  with  Air  by  the 
ersion  of  the  currents,  depending  entirely  upon  Brattices  which 
re  destroyed  by  the  explosion,  miserably  perished,  and  the  whole 
the  bodies  could  not  be  recovered  in  a  week's  time. 

The  Author  will  next  allude  to  the  sinking  of  Shafts  of  large 
meter  divided  by  Brattices,  and  of  such  large  dimensions  as  to 
}w  one  side  of  the  brattice  to  form  the  Downcast,  -and  the  other 
I  Upcast  Shaft.  A  similar  result  follows  in  the  event  of  an 
)losion  to  the  recent  case  in  Scotland  mentioned  above ;  a  part 
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of  the  brattice  (probably  at  a  considerable  depth)  is  ruptured,  an< 
no  current  of  Air  can  be  procured  to  admit  of  its  repair,  except  b 
means  which  involve  loss  of  much  time  and  expense.  In  th 
meantime,  all  those  who  may  have  been  in  the  pit,  at  the  time  of  th 
explosion,  cannot  be  approached.  The  Author  presumes  tliat  som 
idea  of  economy  introduced  this  system ;  but  he  is  satisfied  tha 
upon  this  point  an  erroneous  impression  has  prevailed.  Th 
expense  of  sinking  these  single  divided  shafts,  of  the  usual  diamete 
of  15  or  16  feet,  is  so  very  great,  that  it  has  led  to  the  practice  c 
working  very  extensive  areas  of  Coal  by  means  of  a  single  Shaft 
and  this  practice  has  further  led  to  the  different  scientific  cor 
trivances  for  impelling  the  air  over  these  immense  areas,  by  whicl 
the  ventilation  of  the  works  is  rendered  so  much  more  difficul 
and  uncertain. 

Taking,  for  example,  a  Pit  of  this  description,  of  15  feet  diametei 
by  which  is  worked  an  area  of  QOO  acres,  (and  instances  might  h 
adduced  where  four,  five,  and  six  times  that  quantity  has  been  thu 
worked,)  it  is  self-evident  that  the  ventilation  of  a  Coal  Mine  o 
this  description,  where  the  air  passages  have  been  extended  to  th 
length  of  70  miles,  must  be  attended  with  very  great  danger  an< 
vast  expense. 

Now  the  Author  states  as  his  opinion,  and  thinks  he  shoub 
have  no  difficulty  in  proving  it  correct,  that  four  shafts  might  havi 
been  sunk  on  this  Area  of  '200  Acres,  7^  feet  diameter  each,  in  propej 
positions  with  their  Air  Chimneys,  for  considerably  (he  dare  no 
venture  to  say  how  much)  less  money  tlian  the  one  Shaft  cost ;  an4 
if  this  can  be  established,  it  follows  that  the  200  Acres  beinj 
divided  into  Sections  of  50  Acres  each,  the  expense  of  the  under 
ground  work  would  have  been  most  materially  diminished,  and  that  th< 
ventilation  might  have  been  effected  with  much  greater  ease  and  securit; 
in  separate  sections  of  50  Acres  each,  and  the  power  of  raising  Coa 
doubled,  as  there  would  be  always  two  ascending  and  two  descendin| 
corves,  instead  of  one. 

It  may  be  alleged,  that  these  larger  Shafts  are  sunk  with  mor 
facility,  in  consequence  of  the  nature  of  the  strata  through  which  tli 
pits  are  to  be  sunk,  or  the  occurrence  of  quick  or  running  sands  of  grea 
thickness ;  but  it  is  under  these  very  circumstances  that  the  facility  an( 
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ithout  interfering  materially  with  the  principles  recommended ;  thi 
to  say,  provided  competent  knowledge  of  the  dip,  and  the  position,  an 
y  of  the  strata,  is  previously  obtained  by  boring,  or  other  means. 

The  Author  once  more  wishes  to  observe,  that  he  has  no  desire  i 
iter  into  the  dispntable  question  of  the  proper  method  of  working  th 
ines  in  other  districts  of  which  he  has  not  had  personal  experience 
)  is  prepared  to  believe  that  good  reasons  may  exist  why  men  ( 
ience  and  talent  have  deemed  the  systems  they  have  adopted  to  b 
ose  most  suitable  for  getting  the  coal  advantageously  in  the  district 
lere  these  are  employed.  The  remarks  he  has*  therefore,  ventured  1 
ike  upon  them  are  strictly  limited  to  the  results  of  his  own  experienc< 
d  only  in  as  far  as  they  interfere  with,  or  form  an  impediment  to  tb 
Dtilation  of  the  mines,  and  in  those  cases  where  the  nature  of  th 
erations  appears  precisely  similar,  and  are  conducted  for  the  sam 
rpose,  and  he  would  not  have  alluded  to  them  at  all  except  that  the 
9  intimately  connected  with  effecting  that  object  of  draining  th 
s  and  ventilating  the  mines  as  it  appears  to  him  in  the  most  secur 
d  effectual  manner,  with  an  important  saving  of  eventual  expen8< 
it  the  Author  has  arrived  at  the  fullest  conviction,  in  his  own  mine 
It  no  plan  of  Ventilation  can  be  safely  carried  out,  unless  mor 
merous  shafts  are  sunk  and  smaller  areas  of  coal  are  worked  by  them 
d  he  is  likewise  convinced  that  that  system  will  be  found  t 
ibrace  every  consideration  both  as  regards  security  and  economy.  Th 
cessity  of  freeing  the  mines  from  water  is  recognised  by  every  one 
'  it  is  imperative  that  proper  provision  be  made  for  this  purpose 
cause  the  mines  cannot  be  worked  at  all  until  the  drainage  is  effected 
1  any  good  reason,  then,  be  assigned  why  no  provision  should  b 
ide  for  draining  the  coal  from  the  gas  when  it  can  be  so  easil 
ected,  and  also,  when  that  insidious  enemy  inflicts  upon  the  min 
ner,  if  it  is  retained,  a  much  greater  pecuniary  loss  eventually,  ani 
o  what  is  of  still  greater  importance,  the  loss  of  life  to  those  meri 
ious  and  industrious  men,  who  have  a  right  to  demand  at  ou 
ods  every  security  that  can  be  afforded  them. 
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Mr.  Clift  inquired  whether,  in  a  colliery  of  considerable 
ent,  Mr.  Gibbons  would  always  sink  the  shaft  at  the  extr< 
utside,  in  the  highest  point  of  the  strata,  for  draining 
he  gas,  or  in  the  centre  of  the  area,  so  as  to  have  the  work  Ij 
11  round  the  shaft ;  and  whether,  in  a  large  work,  the  air-h 
rould  not  in  some  part  have  to  descend  towards  the  shaft 

Mr.  Gibbons  replied,  that  he  would  always  sink  the  shai 
ho  extremity  of  the  work,  at  the  highest  point  of  the  coal  str 
[O  as  to  drain  oflf  the  gas  from  the  whole  of  the  coal ;  and  he  di 
he  air-heads,  always  ascending,  towards  the  shaft,  intersec 
he  coal  strata  every  fifteen  yards  with  vertical  passages,  thro 
vhich  the  gas  was  constantly  drained  oflf  into  the  air-heads. 

Mr.  CowPER  wished  to  know  if  the  shaft  was  sunk  at 
lighest  point  of  the  strata,  how  the  water  was  carried  off  ? 

Mr.  Gibbons  explained,  that  where  it  was  required,  he  s 
I  water-pit  for  the  drainage  at  the  lowest  point,  so  as  to  drain 
vater  from  the  lowest  point  of  the  strata,  and  the  gas  from 
\ighest.  He  considered  that  5000  cubic  feet  of  air  per  mil 
^rere  more  than  suflBcient  for  any  area  of  colliery  that  ought  V 
worked  by  one  pit,  provided  the  gas  was  previously  drained  f 
he  coal  in  the  manner  he  had  described. 

Mr.  Shipton  supposed  that  the  nearer  the  ventilating  el 
ley  was  to  the  pit's  mouth,  or  the  shorter  the  horizontal  air 
ras,  the  greater  would  be  the  ventilating  power, 

Mr.  Gibbons  said  he  found  that  made  little  diflTerence, 
ir- chimney  being  simplj  a  continuation  of  the  air-head,  wl 
?as  already  horizontal  in  the  workings,  and  the  distance  to 
entilating  chimney  being,  in  any  case,  quite  insignificant 
omparison  to  the  length  of  the  air-head. 

The  Chairman  wished  to  understand  how  Mr.  Gibbons 
ble  to  take  out  the  whole  of  the  pillars,  as  stated  in  his  papei 
s  to  remove  the  whole  of  the  coal. 
Mr.  Gibbons  explained,  that  he  began  in  the  middle  of 
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able  paper  read  by  Mr.  Gibbons.  When  so  great  an  amount  of 
matter  was  excavated  from  the  bottom,  there  must  be  proportion- 
ately great  settlement  in  the  ground  above.  In  the  neighbourhood 
of  Northwich,  Cheshire,  the  brine  melted  the  pillars  that  were 
left  in  the  salt  mines,  and  sinking  was  constantly  going  forward  ; 
and  when  the  pillars  were  wasted  by  time  the  whole  ground  settled 
down  together. 

Mr.  Adams  inquired  where  a  coal  mine  was  situated  in  a 
deep  valley,  how  Mr.  Gibbons  would  place  the  pit  in  such  a  case  ? 
Mr.  Gibbons  replied,  that  he  would  drain  off  the  water  downwards 
and  sink  a  shaft  at  the  upper  level  of  the  strata  to  drain  off 
the  gas. 

The  Chairman  said  there  could  but  be  one  opinion  upon  the 
able  manner  in  which  Mr.  Gibbons  had  brought  the  subject  of 
coal-mine  ventilation  under  their  consideration  Of  late  years, 
the  many  fearful  and  frightful  accidents  which  had  occurred,  owing 
to  the  accumulation  of  gas  in  coal  mines,  had  rendered  the  ques- 
tion one  of  the  highest  importance,  and  any  person  who  could 
suggest  a  remedy  for  an  evil  so  disastrous  in  its  consequence, 
would  prove  himself  the  friend  of  humanity.  Proper  ventilation 
a[)peared  to  be  the  only  remedy,  and  he  hoped  the  excellent 
paper  that  had  been  read  would  receive,  not  only  from  the  members 
of  the  Institution,  but  from  the  public  generally,  that  attention 
wliich  it  so  justly  merited.  He  moved  a  vote  of  thanks  to  Mr, 
Gibbons,  which  was  passed,  and  Mr.  Gibbons  expressed  his 
willingness  at  all  tinies  to  afford  any  explanation  in  his  power 
upon  the  subject. 

The  following  paper,  by  Mr.  Joseph  Beaaley,  of  Smethwick, 
was  then  read : — 

ON  A  NEW  MACHINE  FOR  BLOOMING  IRON. 

The  purpose  of  this  Machine,  which  has  been  invented  and 
patented  by  Mr.  Jeremiah  Brown,  is  to  perform  the  process  of 
Blooming  the  Iron  from  the  Puddling  furnace,  which  is  usually 
done  by  Hammering,  and  in  some  instances  by  Squeezing;  the 
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id  being  to  squeeze  out  the  cinder  from  the  puddled  ball,  an 
oinpress  the  iron  into  a  form  ready  for  rolling  into  a  bar,  whic 
one  at  the  same  heat.  * 

Ihe  Machine  is  shown  in  Plates  28  and  29,  and  consists  < 
e  large  eccentric  Kolls  ABC,  placed  horizontally  in  th 
Qg  holsters  D  D,  the  centres  of  the  rolls  being  arranged  in 
igular  position,  and  the  bottom  roll  C  nearly  central  betwee 
two  top  rolls  A  B.  These  rolls  all  rotate  in  the  same  directio 
hown  by  the  arrows,  and  are  driven  by  a  centre  pinion  I 
dng  into  three  pinions  of  equal  size  F  F  F,  fixed  on  the  ro 
dies;  in  the  present  machine  the  driving  power  is  applie 
;t  to  the  bottom  roll  by  means  of  the  large  wheel  G,  for  tb 
enience  of  carrying  the  main  shaft  under  the  floor — but  it  coul 
pplied  to  the  centre  pinion,  if  preferred.     The  rolls  are  cas 

with  their  journals  like  ordinary  rolls,  and  are  driven  in  th 
d  msnner  by  coupling  boxes  and  spindles  H  H. 
rhe  roll-faces  are  16  inches  long,  and  the  bottom  roll  has  stron 
[es  at  each  end,  8  inches  deep,  between  which  the  two  upp^ 
work ;  the  object  of  these  flanges  is  to  upset  or  compress  th 

of  the  bloom,  as  the  iron  in  the  operation  is  elongated,  an 
inds  are  forced  against  the  flanges,  which  makes  them  squai 
sound,  as  shown  by  the  specimen  of  a  bloom  exhibited  to  th 
ing.     The  top  roll  A  has  a  large  hollow  in  which  the  puddle 

1,  is  placed  by  the  puddler ;  and  this  roll  carries  the  ball  rounc 
drops  it  into  the  space  between  the  three  rolls,  as  shown  i 

2,  this  space  being  at  that  moment  at  its  largest  capacity 
three  projecting  points  K  K  K,  of  the  rolls  immediately  imping 
I  the  ball,  and  compress  it  forcibly  on  the  three  sides,  and  givin 
tating  motion  to  the  ball  at  the  same  time,  they  have  a  vei 
erful  kneading  action  upon  the  iron,  squeezing  out  the  cindc 

effectually,  which  flows  freely  away  down  each  side  of  th 
om  roll.  The  space  between  the  rolls  gradually  contracts,  froi 
eccentric  or  spiral  form  of  the  rolls,  thereby  maintaining  a 
Basing  compression  on  the  iron  on  all  sides  and  the  ends,  unt 
liberated  by  the  points  L  L  L,  simultaneously  passing  the  blooi 
vhich  falls  down  in  the  direction  of  the  arrow,  and  is  discharge 
I  the  machine  at  the  same  moment  that  another  ball  is  droppe 
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ae.  The  projecting  teeth  on  the  surface 
m,  by  seizmg  hold  of  the  iron  and  knead- 
id  ftese  teeth  gradually  diminish  m  pro- 
each  roll  being  plain,  and  the  bloom  is 
a  a  smooth  compact  form,  as  shown  by 
le  space  between  the  flanges  of  the  bottom 
►rt  distance  beyond  the  point  L,  for  the 
loom  to  drop  out  readily,  and  admitting 

prevent  risk  of  breaking  the  rolls  by  any 
put  in,  by  means  of  the  two  large  triple- 
b  bear  upon  the  journals  of  one  of  the  top 
1  the  head  of  each  of  these  screws  works 
between  them,  which  has  a  horizontal 
balance  weight  O  &t  the  end ;  this  weight 
assure  of  the  roll,  and  in  the  case  of  any 
t  into  the  machine,  the  screws  yield  by 
the  weight  to  the  extent  that  may  be 

ball  will  be  worked  with  the  same 
sffective  manner  as  the  smaller  sizes.  A 
is  run  on  to  all  the  journals  throughout 
ts  any  possibility  of  the  journals  becom- 
kchine  is  in  constant  work. 
I  from  this  machine,  are — 
effected  in  the  operation,  as  the  machine 
minute,  and  turns  out  flye  blooms  in  that 
ih  bloom  is  only  12  seconds,  instead  of 
3  time  required  in  the  usual  process  of 
)ut  one-fifth  or  one-sixth  of  the  time ;  the 
therefore  passed  through  the  bar  rolls  at 
ban  that  from  the  hammer,  and  is  conse- 
orked  in  that  process. 
pmise  in  manufcuiture^  as  the  machme  is 
tuen  to  attend  the  working;  whereas,  the 
ienced  hammer-man  in  all  instances,  and 
on  the  number  of  furnaces  the  hammer 

men  are  entirely  dispensed  with  by  the 
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maehine  being  self-actmg.  An  endless  chain  is  also  being  added  to 
the  machine,  working  in  an  inclined  direction  from  the  lower  side 
of  the  bottom  roll,  for  the  purpose  of  catching  the  bloom  as  it  falls 
from  the  machine,  and  carrying  it  np  direct  to  the  bar  rolls  without 
any  manual  labour.  In  consequence  of  the  machine  turning  out 
five  or  six  blooms  in  the  same  time  that  one  bloom  is  completed  by 
the  hammer,  it  is  capable  of  working  for  a  much  larger  number  of 
fnmaces,  indeed  for  as  many  furnaces  as  can  be  placed  within  a 
conTenient  distance  for  working.  Another  important  advantage 
from  this  circumstance  is,  that  the  puddlers  are  never  liable  to  be 
kept  waiting  for  their  turns,  as  is  often  the  case  where  one  hammer 
works  for  more  than  8  or  10  furnaces;  on  the  contrary,  with  the 
machine,  the  greatest  number  of  furnaces  that  can  be  arranged 
to  be  worked  by  one  machine,  will  not  be  sufficient  to  employ 
it  on  the  average  more  than  one-quarter  of  its  time,  and  con- 
sequently a  very  great  margin  is  afforded  for  meeting  the  luia- 
voidable  irregularities  in  the  supply  of  the  balls  from  the  several 
puddlers,  which  prevents  the  waste  of  iron,  and  deterioration  in  its 
quality  that  is  caused  when  the  puddler  has  to  keep  the  iron  back 
in  the  furnace  waiting  for  his  turn  with  the  hammer. 

8rd.  The  saving  of  easpense  in  tools,  which  is  very  heavy  where 
hammers  are  used ;  the  hot  iron  being  five  or  six  times  longer  in 
contact  with  the  hammer  and  anvil  than  with  the  machine,  and  the 
hot  cinder  out  of  the  iron  lying  upon  the  anvil,  instead  of  falling  off 
constantly  as  it  does  in  the  machine ;  also  the  impossibility  of 
applying  a  constant  stream  of  cold  water  to  the  hammer  as  is  done 
in  the  machine,  cause  the  hammer  and  anvil  to  get  so  very  hot, 
where  a  number  of  furnaces  are  working,  that  they  wear  out  very 
rapidly  sometimes  lasting  only  a  week,  and  are  always  liable  to  break, 
as  also  is  the  helve.  The  loss  of  time  in  replacing  a  hammer  or 
anvil,  when  it  breaks,  or  fails  during  the  working,  is  at  all  times 
attended  with  loss  in  the  quantity  and  quality  of  the  iron,  from  being 
kept  back  in  the  furnace  after  it  is  ready  until  the  tools  are  replaced; 
and  when  the  helve  breaks,  the  stoppage  becomes  a  serious  evil. 
The  expense  of  keeping  the  machine  in  repair  cannot  be  ascertained 
at  present  from  actual  experience,  as  the  present  machine  at  the 
Author's  works  is  the  only  one  that  has  yet  been  in  regular  opera- 
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ler ;  and  the  action  of  the  machine  resembled  this  process^  bj 
heading  the  ball  between  the  three  revolving  surfaces ;  but  the 
hammer  performed  the  operation  by  hammering  all  round  the  ball 
on  each  side  in  succession.  If  the  iron  was  tender,  by  rolling  it 
between  two  surfaces,  as  in  the  other  squeezers,  it  was  torn  open, 
but  in  this  machine,  with  the  three  rolls,  the  iron  is  more  sup- 
ported, and  is  subjected  to  enormous  pressure,  and  the  cinder  u 
more  effectually  squeezed  out  from  the  body  of  the  iron. 

Mr.  Gibbons  observed  he  had  seen  the  machine  in  operatior 
at  Mr.  Beasley's  works,  and  saw  many  blooms  made  by  it,  and  al 
equal  to  the  sample  exhibited ;  he  should  say  that  the  specimen* 
of  iron  produced  were  fair  specimens  of  the  iron  made ;  and  hif 
impression  was  that  he  never  saw  iron  turned  out  more  perfectly 
The  operation  of  the  machine  was  very  satisfactory ;  and  it  wa^ 
important  for  the  blooms  to  be  all  worked  in  a  uniform  manner, 
and  made  of  even  surface. 

Mr.  Siemens  said  he  had  tried  an  experiment  to  ascertain 
the  comparative  power  required  to  work  the  macliine  and  th< 
ordinary  hammer,  by  taking  the  indicator  diagrams  exhibitec 
to  the  meeting,  of  the  power  of  the  engine  when  working 
without  any  load,  and  then  the  power  when  driving  the  machini 
alone,  and  when  driving  the  hammer  alone;  the  indicatoi 
diagrams  were  taken  at  various  periods  of  the  revolution  of  thi 
machine,  to  ascertain  the  average  power,  as  the  power  exerted  al 
the  commencement  of  the  revolution  appeared  to  be  very  small, 
and  it  was  mainly  concentrated  at  the  last  portion.  The  average 
power  of  the  engine  was  increased  about  4  horse  power  whilst 
the  machine  was  working,  and  about  6  horse  power  by  the 
hammer;  but  as  the  former  power  was  in  action  for  only  12 
seconds  in  the  operation  of  blooming,  and  the  latter  was  60  to  80 
seconds  in  action,  the  total  comparative  power  in  the  two  cases 
would  be  as  48  (4  X  12)  to  420,  (6  X  70,)  or  as  1  to  9,  showing 
the  power  absorbed  by  the  hammer  to  be  nine  times  as  great  as  that 
by  the  machine.  This,  however,  might  require  some  correction, 
on  account  of  the  momentum  of  the  engine  fly-wheel,  from  some 
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power  being  given  out  at  the  moment  by  its  velocity  being 
retarded ;  he  could  not  detect  any  loss  of  velocity  in  the  present 
case,  bat  a  more  accurate  measure  might  be  obtained  of  any  dif- 
ferential velocity,  and  he  hoped  to  have  an  opportunity  of  making 
a  more  complete  trial  of  the  comparative  power  of  the  machine 
and  the  hammer. 

The  Chairman  inquired  whether  there  was  not  danger  that 
the  machine  would  lap  up  more  cinder  in  the  iron  than  was 
usually  the  case  by  the  common  process  of  hammering. 

Mr.  Beasley  said  there  was  not  any  danger  of  it,  and  he  con- 
sidered it  was  impossible,  from  the  action  of  the  machine,  that 
any  cinder  could  be  lapped  up  in  the  iron,  as  there  was  no  possi- 
bility of  a  portion  of  the  iron  getting  lapped  over  in  the  process 
and  enclosing  some  of  the  cinder  in  a  pocket  or  hollow,  which  • 
was,  however,  the  case  occasionally  with  the  hammer. 

Mr.  WalE-ER  remarked,  that  there  were  traces  of  cinder  in  the 
specimens  of  iron  from  the  machine,  and  he  thought  there  must 
be  some  portions  of  cinder  lapped  up  in  the  process.  He  did  not 
think  the  machine  would  be  so  effective  as  the  hammer  in  extract- 
ing the  cinder  from  the  ball. 

Mr.  CowPER  said  he  had  carefully  observed  the  working  of 
the  machine,  and  considered  its  action  was  very  perfect.  The 
iron  was  subject  to  an  enormous  pressure,  and  he  was  decidedly 
of  opinion  that  no  cinder  was  lapped  up  in  it.  He  did  not  mean 
to  say  that  the  machine  produced  better  iron  than  the  hammer 
but  it  was  at  least  quite  as  good. 

Mr.  B.  Williams  observed;  that  if  iron  was  imperfectly 
puddled,  the  hammer  would  knock  it  to  pieces,  and  show  the 
defect  in  the  quality  of  the  iron ;  but  he  thought  the  machine 
would  roll  the  iron  all  up,  whether  good  or  bad.  He  was  of  opi- 
nion that,  from  the  rolling  action  of  the  machine,  the  cinder 
would  be  lapped  up  in  the  iron. 

Mr.  Beaslev  said,  it  was  found  that,  if  the  iron  was  not 
properly  worked,  or  was  "  green"  iron,  it  was  shown  at  once  by 
the  machine  tearing  it  to  pieces,  although  in  other  squeezers  it 
might  still  be  wrapped  up  into  a  ball. 
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tfr.  R.  Williams  considered  the  cost  of  the  machine^ 
^ense  of  keeping  it  in  repair,  would  be  an  important  coi 
ion,  and  whether  it  would  not  be  liable  to  accident  and  stop 
oa  its  complication  compared  to  the  hammer.  He  thougt 
Terent  sizes  of  balls  would  not  be  equally  well  worked^  as 
:e  with  the  hammer. 

Mr.  Beasley  replied,  that  the  machinery  was  precisely  si 
1  not  more  complicated  than  the  ordinary  rolls,  and  no 
ble  to  go  wrong.  This  machine  had  been  working  four  m 
hout  accident,  except  one  which  was  from  an  accidental  ( 
the  original  make;  and  he  considered  it  was  decidedl 
ble  to  stoppage  and  delay  than  the  hammer.  It  wai 
;ended  to  do  away  with  the  hammer  altogether,  but  when  ] 
:es  of  iron  were  required,  larger  machines  might  be  consti 
'  such  a  purpose.  The  machine  was  suitable  for  all  the  Yi 
es  of  irmi  in  ordinary  work  by  using  the  regulating  screw. 
Mr.  Siemens  thought  the  machine  would  work  and  last 
)m  the  small  power  required  to  keep  it  in  operation. 

Mr.  Slate  observed,  that  the  machine  possessed  an  adva 
being  driven  without  the  heavy  cams  and  driving  power  rec 
:  the  hammer. 

Mr.  Walker  thought]  the  hammer  was  the  best  test  c 
ality  of  iron. 

Mr,  Beasley  said  he  had  never  seen   a  bloom   fron 
mmer  perfectly  free  from  cinder  in  the  regular  work,  and 
oduced  by  the  machine  were   decidedly  more  free  from  ( 
an  those  produced  by  the  Ifttmmer,  and  they  never  hac 
►How  in  the  body  of  the  iron. 

Mr.  B.  Williams  remarked,  that  rolled  iron  was  gen 
nsidered  inferior  to  hammered. 

Mr.  Beasley  replied,    that  the  process  performed  b 
ai4ine  was  very  different  to  that  of  rolling,  from  the  acti 
e  three  surfaces ;  he  referred  to  the  samples  exhibited  to 
e  superior  quality  of  the  iron  produced. 

Mr.  Slate  observed,  that  such  specimens  were  not  a  true 
depended  greatly  upon  how  they  were  broken. 
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Profes&or  Hoorinson  said  he  had  batter  acqaaintance  with 
the  strength  of  iron  than  the  process  of  manufacture ;  he  had  at 
first  rather  strong  prejudices  against  the  macliine;  he  did  not 
think  it  was  exactly  the  right  mode  in  which  to  get  rid  of  the 
cinder,  and  it  appeared  to  him  likely  to  lap  up  some  of  the  cinder ; 
but  he  thought  the  objections  he  at  first  entertained  were  conside- 
rably lessened ;  the  samples  of  iron  from  the  machine,  he  must 
say,  looked  remarkably  well. 

Mr.  Gowper  said  he  was,  at  first,  much  prejudiced  against  the 
machine ;  but  his  opinion  was  gready  changed  since  he  had 
examined  it  in  operation. 

The  Chairman  observed,  that  the  merit  of  the  machine 
depended  upon  the  relative  quality  of  the  iron  produced,  and  there 
appeared  a  difference  of  opinion  upon  that  subject.  It  was  desirable 
that  this  point,  as  well  as  the  cost  of  the  different  processes,  should 
be  ascertained,  and  laid  before  the  Institution ;  and  he,  therefore, 
suggested  that  the  inquiry  and  experiments  should  be  further 
pursued,  and  the  results  reported  to  a  future  meeting. 

A  vote  of  thanks  was  passed  to  Mr.  Beasley  for  his  communi- 
cation, and  the  discussion  was  adjourned  to  the  next  meeting. 

The  Chairman  announced  that  the  Ballot  Lists  had  been 
opened,  and  the  following  new  Members  were  duly  elected: — 

MEMBERS  I 

Mr.  Joseph  Beasley,  Smethwick, 

Mr.  Joshua  Horton,  Smethwick, 

Mr.  John  Stewart,  London. 
The  Chairman  remarked  that  the  subscription  towards  the 
erection  of  a  monument  to  the  memory  of  their  late  President, 
Mr.  George  Stephenson,  was  progressing  favourably,  and  the 
Committee  hoped  shortly  to  be  enabled  to  annoimce  the  nature 
of  the  memorial  intended. 

The  Meeting  then  terminated,  and  the  Members  adjourned  to 
the  Library  of  the  Institution,  where  coffee  was  provided. 
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PROCEEDINGS. 


The  Special  General  Meeting  of  the  Members  was  held  at 
the  Rooms  of  the  Society  of  Arts,  John-street,  Adelphi,  London, 
on  Monday,  30th  June,  1851.  The  President,  Mr.  Robert 
Stephenson,  having  to  attend  a  Committee  of  the  House  of 
Commons,  Mr.  J.  E.  McConnell,  Vice-President,  was  calle^  to 
take  the  Chair. 

The  Secretary  read  the  minutes  of  the  last  Greneral  Meeting, 
which  were  confirmed. 

The  following  supplementary  paper  by  Mr.  Joseph  Beasley,  of 
Smethwick,  near  Birmingham,  was  then  read : — 

ON  A  NEW  MACmNE  FOR  BLOOMING  IRON. 

The  purpose  of  this  machine  is  the  blooming  of  the  iron  from  the 
puddling  furnace,  in  a  more  rapid,  effectual,  and  economical  method 
than  is  accomplished  by  the  usual  process  of  hammering  or  shingling  ; 
the  machine  is  the  recent  patented  invention  of  Mr.  Jeremiah  Brown 
(a  roll-turner,  late  of  the  Oak  Farm  Iron  Works,  Dudley). 

Other  methods  have  been  invented  and  employed  to  supersede  the 
hammering  process,  some  of  considerable  ingenuity  and  merit ;  still, 
unscientific  ancient  and  rough  as  the  process  is,  shingling  or  ham- 
mering obtains  general  preference  in  the  blooming  of  iron  ;  and  it  has 
been  generally  contended  hitherto  that  the  hammer  excels  all  other 
means  for  ridding  iron  of  its  native  impurities.  This  might  perhaps 
be  admitted  with  reference  to  all  other  methods  hitherto  introduced  ; 
but  for  the  present  machine,  differing  as  it  does  in  construction  and 
action  from  any  one  hitherto  contrived,  there  is  claimed  a  decided 
superiority,  in  all  respects,  over  the  hammer  and  every  other  working 
process  for  the  operation  in  question. 

The  blooming  of  iron  is  that  process  which  the  metal  undergoes 
immediately  upon  its  removal  from  the  puddling  furnace,  whereby, 
as  effectually  and  expeditiously  as  may  be,  the  metal  is  consolidated 
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a  homogeneous  mass,  free  from  dross  or  cinder.  The  princi 
;tion  to  iron  made  by  the  ordinary  squeezers  is  the  quantity 
3r  which  is  lapped  or  enclosed  in  it ;  whereas  the  object  of  squ€ 
compressing  and  hanmiering,  alike  is  to  separate  and  express 
^T,  which  in  proportion  as  it  remains  in  the  bloom,  injures 
Lty,  destroys  the  fibre  of  the  iron,  and  prevents  it  uniting  i 
plete  and  uniform  manner.  It  is  the  process  of  blooming,  in  f 
}h  fixes  the  character  and  quality  of  the  iron,  since  no  impu 
be  thoroughly  eliminated  by  any  after  process, 
his  machine  consists  of  three  large  spiral-shaped  rolls,  pU 
zontally,  and  rotating  all  in  the  same  direction  ;  the  ball  of  i 
L  the  puddling  furnace  is  dropped  into  the  three-sided  space 
m  the  three  rolls,  which  forcibly  compress  the  ball,  giving  : 
ting  motion  ;  and  they  have  a  very  powerful  kneading  action  u 
iron,  squeezing  out  the  cinder  very  effectually,  which  flows  fir* 
y  down  each  side  of  the  bottom  rolL  The  space  between 
\  gradually  contracts  from  the  spiral  form  of  the  rolls,  thei 
ataining  an  increasing  compression  on  the  iron  on  all  sides 
ends,  until  it  is  liberated  by  the  extreme  projections  of  the  i 
ling  the  bloom,  which  drops  out  of  the  machine  at  the  same 
t  that  a  second  ball  is  put  in  at  the  top.  The  journals  of  on 
rolls  are  made  to  slide  back  to  prevent  injury  when  any  extra 
all  is  put  into  the  machine,  and  they  are  pressed  down  by  a  baL 
ght  acting  on  two  large  triple-threaded  screws,  maintaining  a ' 
it  pressure  on  the  roll,  so  that  a  large  or  small  ball  (within  c 
Y  limits)  is  worked  with  the  same  pressure,  and  in  as  efiecti 
mer  as  the  regular  size  of  balL 

See  description  and  engravings  of  the  machine  in  the  Proceedi 
ril  23rd,  1851,  and  Plates  28  and  29.) 

This  machine  is  simple  and  not  complicated  in  its  construction 
Qoderate  in  the  charges  of  its  erection,  and,  as  far  as  experi 
(res,  safe  and  ready  in  its  working,  since  not  a  single  irregularii 
3page  of  the  machine  has  occurred  from  the  time  it  was  starte 
sient  action,  a  period  now  of  some  months. 
L  most  important  advantage  of  this  machine  is  the  economy  of 
icted  in  the  operation  of  blooming.    It  accomplishes  5  revolul 
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per  minute,  and  turns  out  one  bloom  in  each  revolution,  which  is  at 
the  rate  of  12  seconds  for  each  bloom ;  whereas  the  time  required  in 
the  usual  process  of  hammering  is  from  60  to  80  seconds  per  bloom, 
which  is  thus  about  6  to  1  in  favour  of  the  machine.  By  this 
rapidity  of  the  process  of  blooming  by  the  improved  method,  the  iron 
is  passed  through  the  bar  rolls  at  considerably  greater  heat  than  from 
the  hammer,  and  is  in  consequence  softer  and  much  better  worked 
in  that  process,  the  rolling  being  performed  in  the  same  heat  as  the 


A  valuable  consideration  is  the  saving  of  expense  in  manufacture. 
The  machine  is  self-acting,  and  requires  no  men  to  attend  the  working; 
whereas  the  hammer  requires  an  experienced  artisan  in  all  instances, 
and  sometimes  two,  and  these  men  are  entirely  dispensed  with  by  the 
machine  being  self-acting. 

In  consequence  of  the  increased  speed  at  which  the  bloom  is  turned 
oat,  being  only  one-sixth  of  the  time  required  by  the  hammer,  the 
machine  is  capable  of  working  for  a  much  larger  number  of  furnaces, 
and  the  puddlers  are  never  liable  to  be  kept  waiting  for  their  turns,  as 
is  frequently  the  case  where  one  hammer  works  for  more  than  eight  or 
ten  furnaces.  On  the  contrary,  with  the  machine,  the  greatest  number 
of  furnaces  that  can  be  placed  in  proximity  thereto  will  not  be  sufficient 
to  employ  it,  on  the  average,  more  than  one-quarter  of  its  time,  and, 
therefore,  a  very  great  margin  is  afforded  for  meeting  the  unavoidable 
irregularities  in  the  supply  of  the  balls  from  the  several  puddlers,  thus 
preventing  the  waste  and  deterioration  of  the  iron  from  being  detained 
in  the  fomace  until  the  hammer  is  at  liberty.  The  writer  may  observe 
that  he  has  not  the  slightest  doubt,  that  iron  for  various  manufacturing 
porposesy  can  be  made  from  this  process  alone ;  he  might  instance  iron 
for  nail  rods,  which  may  be  slit  without  extra  heating,  thereby  avoid- 
ing both  considerable  waste  and  considerable  cost  and  labour. 

The  expense  in  tools  is  very  considerable  where  hanmiers  are  used, 
and  is  much  greater  than  with  the  machine.  In  consequence  of  the 
hot  iron  being  five  or  six  times  longer  in  contact  with  the  hammer  and 
anvil  than  with  the  machine,  and  the  hot  cinder  out  of  the  iron  lying 
upon  the  anvil  instead  of  falling  off  constantly  as  it  does  in  the  machine, 
likewise  from  the  impossibility  of  applying  a  constant  stream  of  cold 
water  to  the  hammer,  as  is  done  iu  the  machine;  the  hammer  and  anvil 
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e  a  nnmber  of  furnaces  are  working,  thai  thej 
ily,  sometimes  lasting  only  a  week.     They  are 
L,  as  is  the  helve  also,  and  in  casoalties  of  this 
rs  great.     To  repUce  a  hammer  or  anvil  when  it 
I  the  working  (particularly  when  a  large  number 
rork),  is  attended  with  heavy  expense,  and  the 
of  the  iron  much  diminished,  from  being  detained 
;he  repairs  are  completed  and  the  tools  replaced, 
[ipies  a  considerable  period  of  time.     In  case  of 
the  loss  sustained  is  still  greater,  involving  as  it 
;e  of  the  works  until  the  helve  is  renewed. 
;ping  the  machine  in  repair  is  very  inconsiderable. 
f  friction  in  its  action  and  the  slowness  of  its 
but  moderate  and  trifling  wear  of  the  machine ; 
^wer  employed  in  driving  not  being  greater  than 
the  liability  to  breakage  is  considerably  less ;  thai 
3  of  the  machine  are  put  properly  to  work.    The 
3r*s  works,  which  is  the  only  one  at  present  in 
ued  in  constant  work  since  it  has  been  erected, 
th  scarcely  any  outlay  for  repairs,  except  some 
through  defective  construction  of  some  parts  of 
he  writer  is  of  opinion  that  the  cost  of  wear  and 
£20  to  £30  per  annum,  whilst  the  expense  of 
\  hammer,  to  do  half  the  work  of  one  machine, 
ten  times  that  amount. 

non  is  made  to  decrease  the  risk  of  breakage  in 
proportionately  light  construction  of  the  driving- 
^^e  way  before  any  other  part  can  receive  injury, 
broken,  can  at  any  time  be  replaced  in  a  few 


wer  with  the  machine  is  next  to  be  noted.  The 
he  engine  is  only  exerted  by  this  machine  during 
i  required  by  the  hammer  to  do  the  same  work, 
er  portion  of  that  time  the  power  required  in 
iratively  small,  from  the  very  soft  and  loose  state 
full  power  is  not  exerted  until  the  revolution 
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is  nearty  completed ;  whereas,  with  the  hammer^  the  power  absorbed 
ia  eqnal  throughout  the  whole  of  the  operation,  as  the  same  mass  of 
helye  is  upheaved  at  each  stroke  of  the  hammer.  Less  power  also 
is  required  in  rolling  the  iron  from  the  machine,  owing  to  its  greater 
heat  and  softness. 

For  the  purpose  of  ascertaining  the  actual  power  expended  in 
working  the  machine,  as  compared  with  the  hammer,  the  following 
experiments  have  been  tried,  and  indicator  diagrams  were  taken  from 
the  steam-engine  employed  to  drive  both  the  machine  and  the  hammer, 
as  well  as  the  forge-rolls ;  these  indicator  diagrams  were  taken  bj 
Mr.  C.  W.  Siemens,  who  kindly  undertook  to  try  the  experiments 
with  Mr.  MarshalL  During  these  experiments  the  engine  was  kept 
working  at  a  uniform  rate  of  20  to  21  strokes  per  minute,  and  all 
the  other  machinery  driven  by  the  engine  was  kept  out  of  use,  and 
the  engine  was  driving  the  same  train  of  shafting  and  gearing  in  all 
the  experiments,  making  a  constant  addition  to  the  power  exerted  in 
each  case. 

Figs.  1  and  2,  Plate  30,  are  a  series  of  five  indicator  diagrams  each, 
taken  during  the  working  of  the  machine  alone,  showing  five  succes- 
sive strokes  of  the  engine.  In  each  instance  a  series  of  five  blooms 
was  got  ready,  and  the  machine  was  regularly  fed  with  a  fresh  bloom 
at  each  revolution,  for  the  purpose  of  keeping  it  in  constant  steady 
work,  and  neutralizing  any  accelerating  force  that  might  be  felt  at  the 
commencement  from  the  momentum  of  the  fly-wheel  of  the  engine,  so 
as  to  obtain  a  correct  indication  of  the  power  expended  in  working 
the  machine. 

Vig,  1  shows  the  whole  power,  from  putting  in  the  second  ball  to 
putting  in  the  third  ball,  and  fig.  2  from  the  fourth  to  the  fifth  ball  of 
another  series.  The  engine  made  4^  double  strokes  during  one  revo- 
lution of  the  machine,  so  that  the  five  strokes  shown  in  the  diagrams 
include  the  whole  process  of  blooming  one  ball  in  each  case ;  but  as 
the  machine  only  compresses  the  iron  during  about  2-3rds  of  its 
revolution,  in  consequence  of  the  hollow  left  in  the  upper  roll  for 
putting  in  the  ball,  the  power  of  the  engine  is  exerted  only  during 
three  stroketji  in  compressing  each  ball ;  and  it  will  be  seen  by  Figs. 
1  and  2,  that  these  strokes  show  a  progressive  increase  of  power  was 
exerted,  as  the  compression  of  the  ball  advanced,  and  the  iron  became 
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harder.  The  top  line  in  Fig.  1  shows  a  very  sudden  increase  of  powe 
at  the  last  stroke  of  the  engine,  indicating  the  final  pinch  or  extrem 
pressure  exerted  at  the  moment  of  completing  the  bloom. 

Figs.  3  and  4,  Plate  30,  show  a  corresponding  series  of  indicato 
diagrams,  taken  during  the  working  of  two  different  blooms  nnde 
the  hammer.  The  lowest  line  on  Fig.  3  shows  the  power  absorbed  b 
the  engine  and  shafting  alone,  before  the  hammer  commenced  working 
The  dotted  lines  in  Fig.  5,  Plate  31,  show  all  the  lines  of  Figs, 
and  2,  Plate  30,  reduced  each  to  the  same  horizontal  base  line,  for  th 
purpose  of  comparing  them  together,  and  obtaining  the  mean  of  th 
whole,  showing  the  working  of  the  nuichine  alone. 

Fig.  6  shows  a  corresponding  comparison  and  reduction  of  all  th 
lines  in  Figs.  3  and  4,  being  the  working  of  the  hammer  alone. 

The  full  line  E  in  Figs.  5  and  6,  shows  the  power  absorbed  i\ 
driving  the  engine  and  shafting  only ;  the  mean  of  this  is  3.70  lbs 
pressure  per  square  inch,  and  this  portion  is  shaded  on  each  of  thes 
Figs.  5  and  6,  and  also  on  the  following  Figs.  7  and  8. 

The  full  line  P  on  Fig.  5  shows  the  mean  of  all  the  indicate 
diagrams,  so  that  the  space  between  the  mean  total  power  P,  and  tli 
power  absorbed  by  the  engine  and  shafling  £,  expresses  the  mea 
power  actually  expended  in  driving  the  machine ;  this  averages  0.8 
lbs.  pressure  per  square  inch,  or  Sf-horse  power. 

Fig.  6  shows  in  the  same  way  by  the  ftill  line  P,  the  mean  powe 
expended  in  driving  the  hammer^  and  the  average  is  2.40  lbs.  pressui 
per  square  inch,  or  2  4f -horse  power. 

But  the  machine  completes  each  bloom  in  12  seconds,  whilst  tL 
hammer  takes  from  60  to  80  seconds  for  the  same  process.  Const 
quently,  the  comparison  of  the  total  power  is  105  (8|  X  12),  to  173 
(24|  X  70),  being  a  proportion  of  1  to  16^  in  favour  of  the  machine 
showing  the  power  required  to  work  the  hammer  to  be  16^  times  \ 
great  as  that  required  to  do  the  same  amount  of  work  with  tl 
machine. 

A  similar  comparison  was  also  made  between  the  machine  and  tl 
hammer,  when  each  was  worked  in  combination  with  the  forge-roll 
as  is  the  case  in  ordinary  working. 
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A  series  of  five  indicator  diagrams  was  taken  during  the  working  of 
the  machine  and  forge-rolls  combined,  with  a  continuous  succession  of 
ten  balls  passed  directly  from  the  machine  through  the  rolls ;  the  rolls 
could  not,  however,  work  fast  enough  for  the  supply  of  blooms  from 
the  machine,  although  three  blooms  were  in  the  rolls  at  once,  as  the 
one  machine  would  be  capable  of  keeping  up  a  constant  supply  of 
blooms  for  three  pair  of  rolls.  The  dotted  lines  in  Fig.  7,  Plate  31, 
show  these  diagrams  reduced  all  to  the  same  base  line,  for  the  same 
purpose  as  Figs.  5  and  6. 

A  corresponding  series  of  five  indicator  diagrams  was  also  taken 
during  the  working  of  the  hammer  and  forge-rolls  combined,  whilst 
one  bloom  was  under  the  hammer  and  the  previous  one  was  in  the 
rolls.  These  diagrams  showed  the  highest  pressure  exerted  during  the 
operation,  as  the  indicator  dropped  again  to  the  lowest  line  in  each 
instance  after  the  completion  of  the  highest  line.  The  dotted  lines  in 
Fig.  8  show  these  diagrams  reduced  to  the  same  base  line  as  before. 

The  fuU  line  £.,  in  Figs.  7  and  8,  shows  the  power  absorbed  in 
driving  the  engine  and  shafting  onl^y  the  same  as  in  Figs.  5  and  6,  this 
portion  being  shaded  to  correspond. 

The  fuU  Une  P.,  on  Fig.  7,  shows  the  mean  of  all  the  indicator 
diagrams,  and  the  space  between  the  lines  P  and  E,  expressing  as 
before  the  mean  power  expended  in  driving  the  machine  and  roUsy 
averages  7.131bs.  pressure  per  square  inch,  or  64-horse  power. 

ThQ  fuU  Une  P  on  Fig.  8  shows  in  the  same  nuuiner  the  mean  of  all 
the  indicator  diagrams,  and  the  space  between  the  lines  P  and  E 
expressing  the  mean  power  expended  in  driving  the  hammer  and  roUsy 
averages  9.43  lbs.  pressure  per  square  inch,  or  84|-horse  power. 

The  comparison  of  these  results  cannot  be  made  in  the  same  manner 
as  the  former  results,  from  the  machine  and  the  hammer  alone ;  as  the 
time  of  each  process  of  rolling  was  different  from  both  of  them,  being 
about  40  seconds,  and  the  iron  from  the  machine  could  not  be  rolled 
80  fast  as  it  was  bloomed ;  but  it  may  be  observed  that  the  total  in- 
crease of  power  exerted  to  drive  the  rolls  was  actually  less  in  the  case 
of  the  machine  than  in  that  of  the  hammer,  although  there  were  three 
bars  in  the  rolls  at  the  same  moment  with  the  machine,  but  only  one 
bar  at  a  time  with  the  hammer ;  showing  the  great  saving  in  the 
power  required  to  roll  the  iron  from  the  machine  as  compared  with 
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that  from  the  hammer,  in  consequence  of  its  much  hotter  state  whei 
brought  to  the  rolls. 

An  important  improvement  in  the  quality  of  the  iron  is  effected  b; 
the  machine,  which  arises  from  the  cinder  being  more  thoroughly  an< 
minutely  squeezed  out  of  the  metal  in  its  progress  through  th 
machine,  and  from  the  powerful  kneading  and  indenting  action  of  th 
three  rolls  throughout  the  revolution  of  the  machine  whilst  the  iroi 
is  in  a  welding  state,  the  effect  of  which  is  to  increase  the  densit 
and  solidity  of  the  metal,  and  to  unite  and  bind  the  grain  of  the  iro: 
more  effectually  than  can  be  done  by  the  hammer.  This  action  of  th 
machine  on  the  body  of  the  bloom  is  constantly  exercised ;  but  in  th 
case  of  the  hammer,  the  greater  portion  of  the  time  is  wasted  in  the  lif 
and  fall  of  the  hammer,  and  this  time  is  of  great  importance,  as  the  hottei 
and  more  fluid  the  cinder  is,  the  more  completely  can  it  be  squeezec 
out  from  the  body  of  the  iron.  The  action  of  the  machine  is  dearb 
shown  by  the  accompanying  sectional  modd,  and  it  will  be  seen  tha 
the  ball  is  made  to  take  a  somewhat  triangular  form  by  the  pressur 
of  the  three  rolls,  and  that  every  particle  of  the  iron,  in  its  turn,  is,  b 
the  revolution  of  the  ball,  subjected  to  the  kneading  action  of  the  rolL 
and  is  thereby  first  pressed  in  towards  the  centre  of  the  mass,  an< 
again  squeezed  outwards  by  the  pressure  that  other  particles  are  sub 
jected  to,  thus  giving  great  facility  for  the  escape  of  the  cinder  froc 
every  part  of  the  ball,  and  forcing  it  out  in  a  more  effective  manne 
than  the  ordinary  process  of  working  a  four-sided  bloom  under  th 
hammer.  It  may  also  be  remarked,  that  when  it  happens  that  iro 
is  not  properly  worked  in  the  puddling-fumace,  or  is  prematurel 
taken  therefrom,  the  imperfect  puddling  is  shown  in  this  machine  b 
large  cracks  or  fissures  in  the  bloom,  or  the  bad  portion  is  forced  i 
irregular  projections  to  the  surface,  and  is  not  enclosed  in  the  mass  ( 
the  bloom. 
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Mr.  Beasley  said  he  had  made  some  further  experiments  as 
to  the  strength  of  the  iron  manufactured  by  this  process^  as 
requested  at  the  last  meetings  and  although  they  had  been  but 
few^  they  would  be  considered^  he  thought^  quite  satisfactory. 
Four  bars,  1^-inch  diameter,  had  been  made  in  the  same  maimer, 
and  from  the  same  iron,  from  the  hammer  as  from  the  machine, 
both  being  made  out  of  the  same  heat  of  the  fiimace.  They 
were  tested  by  Mr.  H.  Parkes'  hydraulic  press  at  Tipton  for 
proving  chain  cables,  and  the  first  bar  from  the  machine  indi- 
cated a  strain  of  26^  tons  before  it  broke.  The  first  bar  made 
by  the  hammer  bore  27^  tons;  the  second  from  the  machine,  26 
tons;  the  second  from  the  hammer,  25 1  tons.  He  then  tested 
two  bars  1  ^-inch  diameter,  which  had  been  piled ;  that  from  the 
machine  bore  25)  tons,  and  the  one  from  the  hammer  also  25) 
tons.  He  also  tried  two  bars  of  1  )-inch  diameter,  which  had  been 
piled ;  that  from  the  hammer  indicated  38  tons ;  that  from  the 
machine,  40  tons.  It  appeared,  therefore,  that  there  is  no  material 
difference  in  strength  between  the  bars  made  from  the  hammer 
and  those  from  the  machine.  But  for  other  descriptions  of  iron 
he  thought  the  machine  much  better  than  the  hammer.  He 
exhibited  some  specimens  of  hoops,  of  very  tough  quality;  also 
specimens  of  other  descriptions  of  iron,  all  bloomed  by  the 
machine. 

A  model  of  the  machine  was  exhibited ;  also  a  sectional  model, 
in  which  the  operation  was  shown  by  a  ball  of  putty. 

The  Chairman  inquired  whether  Mr.  Beasley  had  ascertained 
the  relative  cost  of  the  two  different  processes  of  manufacture. 

Mr.  Beasley  said  he  had  not  gone  minutely  into  the  matter; 
but  it  was  known  to  every  iron  manufacturer  that  the  expense  of 
the  hammer  is  very  considerable,  the  wear  and  tear  and  the 
breakage  of  tools  and  helves,  amounting  to  an  expense  of  at  least 
Is.  per  ton.  He  found  the  machine  saved  in  wages  about  15d. 
per  ton,  besides  the  saving  in  power  and  in  repairs;  but  in  larger 
works  the  saving  would  be  proportionately  greater.   Where  there 
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Fere  a  great  many  furnaces  to  keep  the  machine  regularly  i 
rork,  the  saving  would  be  very  considerable ;  but  he  had  not 
ufficient  number  of  furnaces  adjoining  the  machine  to  keep 
iilly  at  work, 

Mr.  Blackwell  had  seen  the  machine  in  operation,  and  wi 
onvinced  of  its  advantages.  There  was  no  doubt  in  his  mii 
hat  the  cinder  is  more  perfectly  extracted  from  the  bloom  I 
he  machine  than  by  the  hammer;  and  he  thought  there  w; 
LO  doubt  that  the  quality  of  the  iron  was  better.  He  qui 
igreed  with  Mr.  Beasley  as  to  the  saving  in  the  cost  of  mani 
acture. 

Mr.  Adams  had  also  seen  this  machine  at  work^  and  wi 
atisfied  as  to  its  efficiency ;  and  believed  the  bloom  was  as  goo 
IS  that  produced  by  the  hammer.  But  he  found  the  cinde 
till  exuded  in  considerable  quantity  from  the  two  ends  of  tl 
^loom^  when  it  received  an  end  blow  under  the  hammer;  ai 
le  thought  a  better  quality  than  the  ordinary  iron  from  tl 
lammer  would  be  obtained  by  putting  the  bloom  under  tl 
lammer  immediately  after  it  comes  from  the  machine^  to  ex; 
he  remaining  cinder. 

Mr.  Beasley  thought  that  in  the  case  referred  to^  the  b) 
Qust  have  been  below  the  proper  limit  of  size,  and  consequent 
lot  fully  worked  in  the  machine ;  which  would  account  for  soi 
inder  remaining.  A  variation  of  about  20  lbs.  was  allow 
rom  the  standard  weight  of  each  ball  (about  90  Ibs.)^  whi< 
ras  found  quite  sufficient  with  good  puddlers,  and  was  allows 
or  by  the  yielding  of  the  weight  on  the  screws  of  the  machir 
['he  cinder  was  stiU  in  so  hot  a  state,  after  coming  from  tl 
nachine,  as  to  be  squeezed  out  by  the  rolls,  and  the  greate 
K)ssible  quantity  of  cinder  was  taken  out  by  the  rolls ;  so  tht 
a  fact,  they  effected  what  would  be  done  by  using  the  hamm 
Q  addition  to  the  machine. 

Mr.  Blackwell  thought  the  rolls  squeezed  out  any  remainii 
inder,  and  remarked,  as  a  test  of  the  superior  action  of  t: 
oachine  in  separating  the   cinder,  that    the   yield  under  t: 
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macliine  is  less  than  under  the  hammer;  the  weight  of  iron 
produced^  of  course  depending  upon  the  quantity  of  cinder 
squeezed  out. 

Mr.  Adams  did  not  mean  that  the  machine  did  not  do  the 
work  as  efficiently,  and  turn  out  as  good  a  bloom  as  the  ham- 
mer; but  he  thought  that  with  the  addition  of  the  hammer  a 
stOl  better  quality  of  iron  might  be  advantageously  produced 
than  was  at  present  manufactured,  instead  of  reducing  the 
expense. 

Mr.  Beasley  exhibited  specimens  of  blooms,  of  the  ordinary 
make,  from  the  machine  and  the  hammer;  he  had  had  a  con- 
siderable number  of  them  sawn  through  and  polished;  and  had 
not  detected  any  flaw  in  those  from  the  machine ;  he  thought 
they  were  at  least  as  free  from  cinder  as  those  made  imder  the 
hammering  process,  and  that  no  cinder  was  remaining  in  the 
body  of  the  iron.  Under  the  hammer  a  lap  was  sometimes 
formed^  by  one  of  the  edges  of  the  square  bloom  being  turned 
oyer,  which  is  injurious  to  the  iron,  as  it  makes  an  unsound 
place  or  a  hollow,  in  which  some  of  the  cinder  is  lodged,  and 
cannot  be  driven  out  afterwards.  A  specimen  of  this  kind  was 
exhibited,  a  section  of  which  is  given  in  Fig.  1,  Plate  82,  showing 
the  hoUow  in  the  body  of  the  iron.  Fig.  2  shows  a  good  bloom 
from  the  hammer,  and  Fig.  3  the  section  of  a  bloom  from  the 
machine. 

Mr.  CowFER  illustrated,  by  a  model,  the  mode  in  which  the 
iron  is  kneaded  by  the  action  of  the  three  rolls,  and  the  cinder 
squeezed  out  from  the  whole  of  the  mass.  He  said  that  he  had 
observed  the  working  of  the  machine,  and  was  satisfied  that  the 
cinder  was  thoroughly  squeezed  out  from  the  body  of  the  iron. 
The  hammer  often  chilled  the  surface  of  the  bloom,  which 
to  a  certain  extent,  enclosed  the  cinder,  but  in  the  machine 
the  cinder  ran  out  very  freely ;  and  when  that  iron  was  rolled 
into  bars,  the  cinder  did  not  squeeze  out  of  the  ends,  as  is  the 
case  with  the  iron  bloomed  with  the  hammer ;  in  fact  so  much 
so,  that  in  rolling  the  blooms  from  the  hammer  the  men  always 
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stand  on  one  side,  to  get  out  of  the  way  of  the  cinder  flying  out 
of  the  ends ;  but  with  the  blooms  from  the  machine  he  had  never 
seen  any  cinder  squeezed  out  from  the  ends  in  rolling,  or  if 
any  it  was  very  trifling  indeed,  although  the  iron  was  in  a 
much  hotter  state  when  rolled  than  that  from  the  hammer. 

Mr.  Hodge  said  he  could  see  the  great  advantage  of  thia 
machine,  but  he  thought  the  quality  of  the  iron  might  be  further 
improved  by  putting  the  bloom  under  the  hammer  after  it  comes 
out  of  the  machine — ^but  not  the  old  style  of  hammer. 

Professor  Hodgkinson  said  he  thought  the  machine  was  a  most 
ingenious  process;  but  notwithstanding  the  good  appearance 
of  the  iron,  he  felt  a  doubt  whether  it  was  quite  so  efficient  as 
the  hammer  in  squeezing  out  the  cinder ;  but  he  had  not  sufficient 
information  to  speak  from,  as  he  had  not  seen  the  working  of  the 
machine.  The  appearance  of  the  iron  was  certainly  excellent ; 
and  there  was  great  ingenuity  shown  in  the  machine. 

Mr.  Beasley  wished  to  make  one  other  remark  relative  to 
the  heat  of  the  bloom  as  it  comes  from  the  machine.  He  thought 
it  was  possible  to  make  a  good  weld  under  the  hammer,  of  t^po 
of  the  blooms  from  the  machine ;  he  therefore  tried  two  balls  in 
rapid  succession,  and  brought  them  to  the  hammer,  when  as 
good  a  weld  was  made  as  if  the  iron  had  been  brought  direct 
from  the  furnace.  He  believed  iroj^  manufactured  in  that  way 
would  save  a  great  deal  of  expense  in  making  rails ;  and  the  iron 
could  be  rolled  at  once  without  a  second  heating  of  the  metal. 

The  Chairman  observed  that  it  was  important  that  there 
should  be  a  comparative  test  made  of  the  quality  of  the  iron  as 
prepared  by  the  machine,  and  that  by  the  ordinary  process  of 
the  hammer;  and  he  suggested  to  Mr.  Beasley  to  make  a  piece 
of  iron,  as  well  as  he  could  under  his  process ;  and  get  another 
manufacturer  to  make  a  similar  piece  under  the  old  process  of 
hammering :  the  two  specimens  might  be  then  submitted  to  Pro* 
fessor  Hodgkinson  for  examination  of  their  comparative  merits. 

Mr.  Beasley  said  there  might  be  a  material  difference  in  the 
quality  of  the  specimens  of  iron,  independent  of  the  difference 
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in  the  process  of  blooming,  which  would  interfere  with  the 
results  of  the  experiment.  But  he  should  be  glad  to  try  the 
experiment  of  the  two  processes,  by  taking  iron  from  the  same 
fbmaoey  at  the  same  heat;  and  if  one  ball  was  taken  to  the 
hammer  and  another  to  the  machine  alternately,  and  then  the 
iron  of  each  tested,  he  thought  that  would  be  a  fair  trial.  He 
would  be  ready  to  go  through  a  series  of  experiments  for  the 
purpose. 

Mr.  HoDOE  thought  Mr.  Beasley's  proposition  would  be  the 
only  fair  plan  of  testing  the  two  processes  of  manufacture. 

Mr.  Blackwell  also  thought  the  proposition  a  very  fair  one ; 
and  the  comparison  could  only  be  made  from  the  same  starting 
point  of  the  iron  in  the  puddling  furnace  in  each  case.  Even 
if  the  same  ore  were  used,  heated  with  the  same  description  of 
coals,  in  two  different  furnaces,  the  working  of  the  furnaces 
alone  might  make  such  a  difference  as  to  prevent  the  manufac- 
turing of  the  same  quality  of  iron  in  each,  however  carefully 
the  materials  were  adjusted ;  and  this  would  destroy  the  accu- 
racy of  any  comparison. 

Mr.  Scott  Russell  remarked,  that  even  if  Mr.  Beasley  made 
no  better  iron  by  his  machine  than  had  been  done  heretofore 
by  the  hammer,  he  thought  he  had  done  a  great  deal  in  bringing 
the  iron  to  a  state  to  undergo  the  subsequent  processes  by  more 
economical  means. 

Captain  W.  S.  Moorsom  hoped  the  experiment  would  also  be 
tried  that  had  been  suggested,  of  obtaining  an  improved  quality 
of  iron  by  the  subsequent  process  of  hammering  in  addition  to 
the  machine,  so  that  a  material  of  greater  strength  might  be 
obtained  if  possible. 

Mr.  Beasley  said  he  would  be  glad  to  go  into  that  matter; 
undoubtedly  the  iron  might  be  improved  for  some  purposes  by 
subsequent  hammering,  as  suggested ;  but  for  general  purposes, 
he  thought  it  would  be  useless,  and  an  extra  expense  without 
any  corresponding  advantage. 

The  Chairman  proposed  that  any  gentlemen  who  felt  inter- 
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ested  in  tlie  subject  should  communicate  with  the  Secretar 
and  arrange  the  further  experiments  to  be  conducted  at  M 
BeaslcT^s  works^  and  bring  the  results  before  the  Institutio] 
A  vote  of  thanks  was  then  passed  to  Mr.  Beasley  for  his  con 
munication. 

The  following  paper  by  Mr.  Paul  R.  Hodge,  of  London,  wi 
then  read. 

ON  THE  PROGRESS  OF  IMPROVEMENTS  IN  LOCKS  I 
THE  UNITED  STATES  OF  AMERICA. 

It  is  seldom  that  any  skilful  mechanical  arrangement  of  parts 
carry  out  certain  effects  is  the  production  of  one  mind,  or  one  pair  ( 
hands;  nor  do  we  find  that  mechanical  genius  is  confined  to  one  countr 
or  any  distinct  race  of  beings.  Perhaps  there  is  no  machine  mor 
ancient  than  that  of  a  lock ;  but  it  appears  that,  until  about  the  yea 
1774,  very  few  improvements  had  been  made  in  the  construction  < 
locks  in  this  country,  although  the  basis  or  principle  on  which  s 
modem  locks  are  constructed  can  be  traced  back  more  than  foi 
thousand  years.  The  three  principal  locks  manufactured  in  Englan 
for  the  last  thirty  years,  are  those  of  Barron,  Bramah,  and  Chubb;  tl 
inventions  of  each  of  which  are  based  on  the  principle  of  the  o 
Egyptian  lock,  the  difference  between  them  being  only  in  the  mech: 
nical  arrangements  of  parts  to  produce  the  same  effect.  The  presei 
communication  is  intended  to  show  the  insecurity  of  English  loci 
generally,  and  to  bring  under  the  notice  of  the  Institution  the  ingenioi 
lock  of  Mr.  Newell,  of  New  York. 

It  was  conceded,  about  twelve  years  since,  in  the  United  States,  I 
all  locksmiths,  that  a  lock  having  a  series  of  tumblers  or  slides,  such 
was  used  at  that  time  in  Europe,  and  more  particularly  those  of  Barn 
and  Chubb,  was  secure  against  all  known  means  of  picking,  or 
forming  a  false  key  by  any  knowledge  that  could  be  obtained  throug 
the  key-hole.  The  only  point  that  seemed  desirable  was,  to  make 
secure  against  the  maker,  or  any  party  who  might  have  had  possessic 
of  the  key,  and  from  it  taken  an  impression. 

The  first  step,  therefore,  was  to  construct  the  lock  so  that  the  part 
using  it  could  change  its  form  at  pleasure. 
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The  moBt  successful  locksmith,  for  a  time,  was  a  Mr.  Andrews,  of 
Perth  Amboy,  in  the  State  of  New  York;  he  constructed  a  lock 
similar  to  that  made  bj  Mr.  Chubb,  having  a  series  of  tumblers  and  a 
detector;  but  before  placing  the  lock  on  the  door,  the  purchaser  could 
arrange  the  tumblers  in  any  waj,  so  that  the  combination  suited  his 
convenience ;  the  kej  being  made  with  a  series  of  movable  bitts,  was 
arranged  in  a  corresponding  combination  with  the  tumblers. 

In  order  to  make  a  change  in  the  lock  without  taking  it  from  the 
door,  each  tumbler  was  so  constructed  that  in  locking  the  lock  the 
tumbler  could  be  rabed,  or  drawn  out,  with  the  bolt.  A  series  of  rings 
was  furnished  with  the  kej,  corresponding  with  the  thickness  of  the 
movable  bitts  of  the  kej;  and  anj  one,  or  as  manj  more  of  the  bitts 
could  be  removed  from  the  kej,  and  rings  substituted.  These  bitts 
being  removed,  and  the  rings  taking  their  place,  the  corresponding 
tumblers  would  not  be  raised  by  the  turning  of  the  key,  and  conse- 
quently, would  be  drawn  out  with  the  bolt  (becoming^  in  fact,  a  por- 
tion of  the  bolt  itself).  Therefore,  when  a  bitt  was  removed  and  a 
ring  substituted,  so  much  ef  the  security  of  the  lock  was  lost  as  de- 
pended on  the  tumbler  that  was  not  raised;  consequently,  a  lock  having 
twelve  tumblers  being  locked  with  a  key  with  alternate  bitts  and  rings, 
would  evidently  become  a  six  tumbler  lock;  but  should  a  tumbler  that 
was  drawn  out  with  the  bolt,  be  raised  in  the  attempt  to  pick  or  un- 
lock it,  or  should  any  one  of  the  acting  tumblers  be  raised  too  high,  the 
detector  would  be  thrown,  and  prevent  the  withdrawing  or  unlocking 
of  the  bolt  This  lock  was  in  great  repute  in  the  United  States,  and 
was  placed  on  the  doors  of  nearly  all  the  principal  banking  establish- 
ments of  the  country;  a  large  reward  was  offered  by  its  maker  to  any 
one  who  could  pick  it;  and  from  its  great  repute,  it  consequently 
called  out  many  rivals. 

Mr.  Newell,  of  the  firm  of  Newell  and  Day,  of  Broadway,  New 
York,  was  the  most  successful  competitor,  by  constructing  what  he 
termed  his  Permutating  Lock,  which  was  composed  of  a  series  oi first 
and  secondary  tumblers^  the  secondary  series  being  operated  upon  by 
the  first  series. 

Through  the  secondary  series  there  was  passed  a  screw  termed  a 
clamp  screw,  having  a  clamp  overlapping  the  tumblers  on  the  inside 
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of  the  lock  ;  each  tumbler  in  the  series  having  an  elongated  slot  tc 
allow  the  screw  to  pass  through.  On  the  back  side  of  the  lock  was 
a  small  round  key 'hole,  in  which  the  head  of  the  screw  rested,  form- 
ing as  it  were  a  receptacle  for  a  small  secondary  key ;  so  that  when 
the  large  key  gave  the  necessary  form  to  the  tumblers,  the  party  tool 
the  small  key  and  operated  on  the  clamp  screw,  clamping  and  holding 
together  the  secondary  series,  retaining  them  in  the  relative  heights 
or  distances  imparted  to  them  by  the  large  key  ;  the  door  was  thei 
closed,  and  the  bolt  projected,  and  the  first  series  of  tumblers  fel 
again  to  their  original  position. 

The  objection  to  this  mode  of  constructing  a  lock  was,  that  it  re 
quired  the  insertion  of  the  small  secondary  key  ;  and  should  the  partj 
neglect  to  release  the  clamp  screw  every  time  he  unlocked  the  lock, 
the  first  series  of  tumblers  would  be  held  up  by  the  secondary  series. 
Consequently,  an  exact  impression  of  the  lengths  of  the  several  bits  o( 
the  key  could  be  obtained  through  the  key-hole  while  the  lock  waf 
unlocked. 

Another  and  a  more  convenient  method  was  devised  by  Mr.  Newell 
On  each  of  the  secondary  tumblers  he  made  a  series  of  notches^  cor 
responding  in  distance  with  the  difference  in  the  lengths  of  the  severa 
bitts  of  the  key  (see  DD  in  Figs.  1  and  2,  Plates  33  and  34);  on  turn 
ing  the  key  each  bitt  raises  its  plate  or  tumbler,  so  that  some  one  c 
the  notches  presents  itself  in  front  of  the  tooth  on  a  dog  or  lever  (HH) 
As  the  bolt  is  projected,  the  tooth  being  pressed  into  the  severa 
notches,  the  secondary  series  are  held  in  their  position  by  the  tootl 
of  this  dog  or  lever,  as  shown  in  Fig.  2,  thereby  doing  away  with  th< 
necessity  of  the  secondary  key.  In  unlocking  the  lock  the  tooth  i 
again  detached,  and  the  tumblers  all  fall  to  their  original  position 
and  the  lock  again  becomes  a  blank,  as  in  Fig.  1. 

It  will  be  seen  that  there  was  no  improvement  in  the  actual  safetx 
of  the  lock  against  picking^  the  only  object  being  to  make  a  lock  tha 
could  be  changed  by  the  party  using  it,  in  the  most  effectual  mannei 

These  improvements  were  all  made  prior  to  the  year  1841 ;  so  tha 
ten  years  ago  many  very  valuable  additions  had  been  made  to  th 
detector  and  tumbler  lock. 

In  the  course  of  Mr.  Newell's  studies,  he  conceived  that  the  loo: 
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of  his  competitor,  Mr.  Andrews,  might  be  picked;  and  the  result  was 
the  picking  of  it  by  a.  very  simple  instrument,  which  is  exhibited  to 
the  meeting.     (See  Figs.  8  and  9,  Plate  33.) 

Mr.  Newell  immediatelj  afterwards  picked  his  own,  with  an  instru- 
ment of  a  similar  construction ;  so  that,  in  investigating  the  principle 
by  which  he  could  pick  the  lock  of  his  rival,  he  discovered  also  means 
by  which  he  picked  his  own ;  and  his  candour  in  this  affair  was  cer- 
tunly  greatly  to  his  credit,  in  making  it  known  at  once,  and  not  con-y 
cealing  that  his  lock,  as  well  as  aU  others  based  on  the  tumbler  principle^ 
was  insecure. 

The  question,  then,  was  with  him  and  other  makers  of  locks,  in 
what  way  should  they  make  a  secure  lock  ? 

The  first  step  taken  was  to  add  a  series  of  compUccUed  wards  to  the 
lock;  but  it  will  be  readily  seen  that  what  can  be  reached  with  a  key 
could  be  reached  by  some  other  instrument ;  and  although  it  required 
an  instrument  of  a  different  form,  yet  the  operation  was  just  as  certain^ 
and  fatal  to  the  security  of  the  lock. 

The  next  step  taken,  and  one  which  was  considered  effectual,  for  a 
time,  was  the  notching  of  the  abutting  parts  of  the  first  and  secondary 
series  of  tumblers,  or  of  the  stump  face  and  the  ends  of  the  tumblers. 
So  that  if  a  pressure  was  put  upon  the  bolt,  the  tumblers  could  not  be 
successively  raised  by  the  picking  instrument  being  held  fast  by  these 
**  false  notches."  This  lock  baffled  the  skill  of  all  the  country  for  a 
time,  and  was  considered  perfectly  safe,  until  an  ingenious  engineer  of 
the  name  of  Pettis  informed  Messrs.  Newell  and  Day  that  he  believed 
it  was  possible  to  pick  their  lock.  They  immediately  put  their  lock 
to  the  test,  by  putting  it  in  a  room  in  the  Merchants'  Exchange, 
in  Wall-street,  New  York,  offering  a  reward  of  500  dollars,  or  100 
guineas,  to  any  person  who  could  pick  it,  allowing  them  the  privilege 
of  examining  the  loch  as  long  as  they  wished^  and  giving  them  their 
own  time  to  mahe  their  experiments. 

The  result  was,  that  Mr.  Pettis  accepted  the  challenge ;  the  lock 
was  picked;  and  Messrs.  NuwcU  and  Day  lost  their  100  guineas. 
But  that  was  not  all ;  their  reputation  as  locksmiths  went  also. 

The  lock  in  question  is  now  in  the  United  States  department  of  the 
Great  Exhibition,  and  can  be  examined  by  any  person ;  its  workman- 
ship is  beautiful,  and  it  contains  all  the  points  of  security  hitherto 
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known  and  used  in  tumbler  locks :  it  has  sixteen  tumblers,  a  detector, 
and  false  notches ;  jet  Mr.  Pettis  overcame  all  these  obstructions,  and 
picked  it  fairly. 

What  was  then  to  be  done  ?  The  alarm  can  be  readily  conceivec 
of  every  banker,  merchant,  or  broker,  that  supposed  that  they  had  i 
sure  protection  in  that  lock. 

The  only  reasonable  conclusion  by  Mr.  Newell  was,  that  security 
could  be  obtained,  not  by  adding  difficulties^  because  diffictdties  eoula 
be  overcome,  but  by  constructing  a  lock  so  that  the  obstructions  to  tJu 
withdrawing  of  the  bolt  cannot  be  ascertained  through  the  key-hole. 

Upon  this  principle,  and  with  this  object  in  view,  the  Parautoptic 
lock,  as  shown  in  Plates  33,  34,  and  35,  was  invented  by  Mr.  Newell, 
retaining  all  that  was  deemed  good  in  the  locks  previously  made,  and 
at  the  same  time  guarding  against  all  the  defects  proved  by  actual 
experiment.    A  specimen  of  this  lock  is  exhibited  to  the  meeting. 

Fig.  1  represents  the  lock  unlocked,  with  the  cover  or  top-plate 
removed,  also  the  auxiliary-tumbler  and  the  detector-plate  are  re- 
moved. 

Fig.  2  shows  it  locked,  with  the  cover  and  the  detector-plat€ 
removed,  and  the  auxiliary- tumbler  in  its  place. 

Fig.  3  is  the  lock  with  the  cover  on,  showing  the  detector-plate. 

Fig.  4  is  a  section  of  the  lock  taken  through  the  key-hole,  showing 
a  transverse  section  of  the  tumblers  and  the  bolt. 

Fig.  5  is  the  key  ;  and  Fig.  6  an  end  view  of  the  key,  showing  the 
screw  by  which  the  separate  bitts  are  fixed  in  the  key.  Fig.  7  shows 
the  six  bitts  of  the  key  detached  ;  and  Fig.  8  shows  the  same  key  as 
Fig.  5,  but  having  the  bitts  arranged  in  a  different  succession,  thus 
forming  a  different  key. 

AA  in  Figs.  1,  2,  3,  and  4,  is  the  bolt.  BB  are  the  first  series  of 
moveable  slides  or  tumblers,  C  the  tumbler  springs,  DD  the  secondary 
series  of  tumblers,  and  EE  the  third  or  intermediate  series,  which  fonn 
the  connections  between  the  first  and  secondary  series  of  tumblers. 
FF  are  the  separating  plates  between  the  first  series  of  tumblers  ; 
G  the  springs  for  lifting  the  intermediate  slides  or  tumblers,  to  make 
them  follow  the  first  series  when  they  are  lifted  by  the  key.  On  each 
of  the  secondary  tumblers  DD,  is  a  series  of  notches,  corresponding 
in  distance  with  the  difference  in  the  lengths  of  the  moveable  bitts  of 
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the  key ;  and  as  the  kej  is  turned  in  the  lock  to  lock  it,  each  bitt 
raises  its  tumbler,  so  that  some  one  of  these  notches  presents  itself  in 
front  of  the  tooth  h  on  the  dog  or  lever  HH.  As  the  bolt  A  is  pro- 
jected, it  carries  with  it  the  secondary  tumblers  DD,  and  presses  the 
tooth  h  into  the  notches  in  the  tumblers,  withdrawing  the  tongues  d 
from  between  the  jaws  ee  of  the  intermediate  tumblers  EE,  and  allow- 
ing the  first  and  intermediate  tumblers  to  fall  to  their  original  position ; 
whilst  the  secondary  tumblers  DD  are  held  in  the  position  given  to 
them  by  the  key,  by  means  of  the  tooth  h  being  pressed  into  the 
several  notches,  as  shown  in  Fig.  2.  Should  an  attempt  be  made  to 
unlock  the  bolt  with  any  but  the  true  key,  the  tongues  d  will  abut 
against  the  jaws  ec,  preventing  the  bolt  from  being  withdrawn  ;  and 
should  an  attempt  be  made  to  ascertain  which  tumbler  binds  and  re- 
quires to  be  moved,  the  secondary  tumbler  DD  that  takes  the  pressure, 
being  behind  the  iron  wall  IK  which  is  fixed  completely  across  the 
lock,  prevents  the  possibility  of  its  being  reached  through  the  key- 
hole, and  the  first  tumblers  BB  are  quite  detached  at  the  time,  thereby 
making  it  impossible  to  ascertain  the  position  of  the  parts  in  the  inner 
chamber  behind  the  wall  IK.  The  portion  II  of  this  wall  is  fixed  to 
the  back  plate  of  the  lock,  and  the  portion  KK  to  the  cover. 

L  is  the  drill-pin  on  which  the  key  fits ;  and  MM  is  a  revolving 
ring  or  curtain,  which  turns  round  with  the  key,  and  prevents  the 
possibility  of  inspecting  the  interior  of  the  lock  through  the  key-hole  ; 
and  should  this  ring  be  turned  to  bring  the  opening  upwards,  the 
detector-plate  QQ,  (see  Fig.  3,)  is  immediately  carried  over  the  key- 
hole S  by  the  motion  of  the  pin  P  upon  the  auxiliary-tumbler  00, 
which  is  lifted  by  the  revolution  of  the  ring  M,  thereby  efiectually 
closing  the  opening  of  the  key-hole.  As  an  additional  protection  the 
bolt  is  held  from  being  unlocked  by  the  stud  B  bearing  against  the 
plate  Q;  also  the  lever  TT  holds  the  bolt  when  locked  until  it  is 
released  by  the  tail  of  the  detector-plate  Q  pressing  the  pin  U.  Y  is 
a  d<^  holding  the  bolt  on  the  upper  side  when  locked  until  it  is  lifted 
by  the  tumblers  acting  on  the  pin  W.  XX  are  the  separating  plates 
between  the  intermediate  tumblers  EE  ;  Y  and  Z  are  the  studs  for 
preserving  the  parallel  motion  of  the  different  tumblers. 

There  are  several  features  in  the  construction  of  this  lock  which  are 
deserving  of  particular  attention.     The  most  novel  and  extraordinary 
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is,  that  the  lock  changes  itself  to  the  key;  in  whatever  form  the  mov< 
able  bitts  on  the  key  are  changed,  the  lock  answers  to  that  form,  withoi 
moving  any  part  of  it  from  the  door. 

The  party  purchasing  the  lock  can  change  it  to  suit  his  convenienc 
If  a  6-tumbler  lock,  to  720;  if  7  tumblers,  5,040;  if  8,  40,320;  if  J 
362,880;  if  10,  3,628,800,  and  if  12,  479,001,600.  Therefore  it  wi 
be  perceived  that,  by  changing  the  numerical  position  of  the  bitts  i 
the  key,  the  lock  can  be  altered,  or  in  fact  alters  itself  to  any  numbc 
of  new  locks,  equal  to  the  permutation  of  the  number  of  bitts  on  tl 
key.  Two  extra  bitts  are  supplied  with  each  key,  which  add  vei 
greatly  to  the  number  of  changes.  As  the  key  turns  round,  each  bii 
raises  its  tumbler  to  a  point  corresponding  with  its  length,  impartin 
to  the  first  and  secondary  series  the  exact  form  of  the  key.  The  secoo 
dary  series  of  tumblers  being  carried  out  with  the  bolt,  and  the  tootJ 
on  the  lever  or  dog  being  pressed  into  the  several  notches  on  the  from 
face  of  the  secondary  series,  holds  them  in  the  position  given  them  h] 
the  key,  while  all  the  other  portions  of  the  lock  fall  again  to  thei 
original  position. 

Should  a  pressure  be  put  on  the  bolt  to  ascertain  the  obstructior 
it  will  be  readily  seen  that  it  will  be  brought  to  bear  on  the  third  o 
intermediate  tumblers.  To  prevent  the  possibility  of  reaching  thes< 
there  is  a  wall  of  metal  fixed  across  the  lock,  which  confines  th 
operator  wholly  to  the  key-chamber.  By  detaching  the  portion  o 
the  tumbler  that  takes  the  pressure  given  to  the  bolt  from  the  part 
that  can  be  reached  through  the  key -hole,  leaving  that  portion  alwayi 
at  liberty,  the  possibility  of  ascertaining  what  is  wrong  is  cut  off ;  S( 
that  instead,  as  in  the  former  lock,  having  only  v^Jirst  and  secandari 
series^  Mr.  Newell  here  introduced  a  third  or  intermediate  series 
thereby  throwing  the  whole  security  of  the  lock  into  a  chamber  be 
yond  the  wall  of  metal,  which  is  wholly  inaccessible,  and  forming  ai 
it  were  another  lock  without  a  key-hole.  These  are  the  principal 
features  of  security  in  Mr.  Newell*s  Parautoptic  Lock. 

There  is  another  source  of  insecurity  that  has  still  to  be  providec 
against :  when  the  first  tumblers  can  be  seen  through  the  keyhole,  if  the 
underside  of  them  is  smoked  by  inserting  any  flame,  the  key  will  leave 
a  distinct  mark  upon  each  tumbler  the  next  time  it  is  used,  showing 
where  it  began  to  touch  each  tumbler  in  lifting  it.     This  can  be  seeo 
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by  inserting  a  small  hinged  mirror  into  the  lock  through  the  key-hole, 
and  the  exact  length  of  each  bitt  of  the  key  measured,  from  the  centre- 
pin  to  the  point  where  it  touched  the  particular  tumbler,  from  which 
a  correct  copy  of  the  key  can  be  made.  (An  electric  light  from  a  small 
portable  battery  has  been  employed  for  this  purpose,  to  illumine  the 
interior  of  the  lock.) 

The  possibility  of  seeing  the  tumblers  is  entirely  prevented  by 
surrounding  the  inside  of  the  key-hole  with  the  ring  or  revolving 
curtain;  and  when  this  curtain  be  turned,  to  bring  the  opening  opposite 
the  tumblers,  the  key-hole  is  shut  on  the  outside  by  the  detector 
tumbler,  which  tumbler  would  also  detect  all  attempts  at  mutilating 
the  interior  parts  of  the  lock. 

Should  the  lock  be  charged  with  gunpowder,  through  the  key-hole, 
for  the  purpose  of  blowing  it  from  the  door,  the  plug  in  the  back  of  the 
key  chamber  yields  to  the  force,  leaving  the  lock  uninjured,  whilst  the 
curtain  protects  the  interior  of  the  lock  from  injury,  thereby  effectually 
preventing  all  known  means  of  opening  or  forcing  the  lock. 


Mr.  HoDGB  begged  to  observe,  that  although  he  had  been 
drawn  into  a  controversy  upon  the  subject  of  locks,  he  had  not 
any  personal  interest  in  any  lock,  nor  had  ever  invented  any 
portion  of  a  lock;  and  he  had  taken  up  the  matter  purely  as  a 
mechanical  question,  and  one,  he  thought,  of  very  general  inte- 
rest. He  had,  therefore,  brought  before  the  meeting  the  descrip- 
tion of  the  very  ingenious  lock  of  Mr.  Newell,  and  the  progress 
of  the  invention  of  the  previous  American  locks ;  and  begged  to 
refer  to  the  report  upon  the  lock  by  the  Mechanics^  Institute  of 
Lower  Austria,  by  whom  Mr.  Newell  was  presented  with  a  gold 
medal  for  the  invention. 

Mb.  Chubb  said  he  considered  that  he  had  been  treated  with 
unfairness  in  the  trial  that  had  been  made  of  his  lock,  and  com- 
plained of  the  manner  in  which  the  lock  that  had  been  picked 
was  procured  from  him. 

The  Chairman  remarked,  that  the  object  of  the  discussion 
was  to  ascertain  the  relative  merits  of  the  American  lock  des- 
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cribed  in  the  paper  that  was  before  the  meeCmgy  and  the  diaciii 
sion  shoidd  be  confined  to  the  mechanical  part  of  the  question. 

Mr.  Chubb  wished  to  expUun  that  the  lock  and  keys  whic 
Mr.  Hobbs  had  picked^  were  purchased  by  Mr.  Hobbs,  as 
remained  seven  days  in  his  possession  before  the  trial  took  place 
and  any  lock  mighty  in  a  few  honrs^  be  made  safe  to  be  picket 
He  wished  to  show  that  it  had  not  been  done  in  a  fair  way.  H 
had  given  in  the  Timet  newspaper  a  public  challenge  to  Mj 
Hobbs  to  come  and  pick  one  of  his  locks,  which  he  had  put  upo 
a  door  for  the  purpose^  but  that  had  been  declined.  He  denie 
emphatically  that  any  one  could  pick,  within  any  reasonable  time 
one  of  his  locks  which  had  not  been  tampered  with. 

Mr.  Chubb  then  produced  two  locks,  which  he  said  were  oi 
his  ordinary  make,  and  offered  that  they  should  be  examined  bi 
the  Chairman  and  Mr.  Scott  Russell,  to  ascertain  that  there  wsi 
no  unfairness  about  them,  and  then  put  upon  a  door,  and  tha 
Mr.  Hobbs  might  come  one  day  to  take  the  impression  of  tb 
keyhole,  and  then  come  five  hours  any  day  during  the  week,  an 
pick  the  locks  if  he  could. 

Mr.  Scott  Russell  said  he  thought  that  was  the  definil 
point  to  be  arrived  at.  He  had  not  been  acquainted  with  tli 
American  lock  before,  and  was  much  struck  with  its  ingenuit 
and  perfection.  He  certainly  considered  it  to  be  unpickabl 
and  had  a  fear  that  Mr.  Chubb's  lock  was  pickable,  and  he  wf 
glad  to  hear  of  the  present  offer ;  if  Mr.  Chubb  liked  to  pt 
those  locks  on  the  table,  with  the  challenge  to  pick  them,  an 
they  were  not  picked,  it  would  be  a  practical  illustration  of  th 
excellence  of  the  locks.  He  suggested  that  it  would  be  mos 
eligible  for  the  Council  of  the  Institution  to  appoint  a  committc 
of  two  or  three  qualified  pei*8ons  to  act  as  arbitrators  in  th 
trial. 

The  Chairman  remarked  that  the  object  of  the  paper  beinj 
read  at  the  meeting,  was  to  ascertain  the  relative  merits  of  th 
different  kinds  of  locks ;  but  it  was  not  advisable  that  the  lusti 
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tution  should  do  more  in  this  matter  than  afford  an  opportunity 
for  a  fair  and  open  discussion^  and  also  for  recording  the  facts 
of  any  experimental  trial  of  the  different  locks.  The  discussion 
had  now  brought  them  to  the  point  of  Mr.  Chubb  bringing  for- 
ward his  lock^  and  offering  to  the  American  lock-maker  an 
opportunity  to  try  and  pick  it. 

Mr.  HoDOB  said  he  considered  the  only  fair  trial  would  be,  to 
take  one  of  the  locks  made  for  regular  sale,  not  one  made  on 
purpose  for  this  trial ;  and  he  proposed  that  the  trial  should  be 
made  with  a  lock  which  had  lately  been  purchased  from  Mr. 
ChubVs  shop,  with  this  object,  by  an  independent  party,  Messrs. 
Dew,  of  Cheapside.  This  was  a  legitimate  first-rate  lock  of 
Mr.  ChubVs  make,  and  had  been  kept  sealed  up  ever  since  it 
was  purchased,  and  Mr.  Hobbs  had  never  seen  it.  He  proposed 
that  this  lock  be  placed  in  the  hands  of  a  committee,  with  the 
approval  of  both  parties,  and  Mr.  Hobbs  be  allowed  an  oppor- 
tunity for  picking  it. 

Mr.  Chubb  said  that  in  a  set  trial,  he  would  not  be  bound  to 
any  lock  which  another  person  had  obtained  from  him  for  that 
purpose. 

Mr.  Scott  Bussell  suggested  that  it  would  be  most  satisfac- 
tory for  two  or  three  mechanical  men  to  be  appointed  a  Com- 
mittee, to  settle  what  should  be  the  terms  of  the  trial,  which 
should  be  fair  to  both  parties,  as  a  test  of  the  respective  locks. 
That  would  be  an  experimentum  crucia,  to  bring  the  question  to 
a  settlement. 

Mr.  Hobbs  begged  to  explain  that  he  had  not  come  over  to 
this  country  for  the  purpose  of  picking  locks,  but  to  dispose  of 
his  own  lock.  He  was  a  lock  manufacturer;  and  in  the  course 
of  explaining  the  m^ts  of  his  own  lock,  it  was  necessary  to  show 
that  the  lock  of  another  maker  was  insecure,  and  he  had  to  prove 
the  assertion  practically,  by  showing  that  the  other  lock  could 
be  picked.  He  did  not  refer  to  Mr.  Chubb's  lock  in  particular, 
but  to  the  general  principles  oi  tumbler  locks  in  this  country. 
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rhich  he  maintained  were  insecure  and  could  be  picked ;  and 
a  his  own  lock  the  insecurity  that  he  alleged  in  other  locks  was 
piarded  against. 

The  challenge  respecting  his  own  lock,  was  that  a  party  might 
ake  any  commercial  lock,  examine  it  as  much  as  he  pleased, 
rithout  limit  of  time,  and  take  the  lock  to  pieces  and  put  it 
Dgether  again,  in  the  presence  of  competent  persons;  the  lock 
D  be  then  locked  in  their  presence,  and  if  the  party  could  pick 
:  in  any  time  and  after  any  number  of  trials,  a  prize  of  £1,000 
^ould  be  given.  With  regard  to  the  mode  of  picking  the 
3gular  timibler  locks,  it  was  a  plain  mechanical  operation  with 
le  instrument  that  had  been  described. 

Mr.  Chubb  requested  that  the  terms  of  his  challenge  might 
3  taken  down  by  the  Secretary,  who  replied  that  he  had  done  so- 

Mr.  Geach  said  he  thought  as  so  much  was  involved  in  the 
lestion,  they  should  give  every  assistance  in  setting  it  right : 
le  greater  number  of  persons  who  had  locks  had  not  the  means 
'  knowing  whether  they  were  secure  or  not.  A  paper  had 
jen  read  to  the  Institution,  in  which  it  was  stated  that  Chubb's 
id  other  locks  could  be  picked,  not  only  by  Mr.  Hobbs,  but 
en  by  apprentice  boys ;  and  therefore  he  thought  the  question 
Lght  to  be  set  at  rest  by  conclusive  experiments,  not  upon  any 
ck  specially  made  for  the  purpose,  but  upon  locks  which  are 
Id  to  the  public  as  safe  locks.  He  thought  if  such  experiments 
jre  tried  before  competent  persons  selected  from  the  Institu- 
m,  it  would  be  very  satisfactory  to  the  public,  in  order  to 
certain,  whether  the  ordinary  locks  with  ordinary  facilities  for 
;king  were  pickable  or  not. 

A  Member  wished  to  ask  whether  Mr.  Hobbs  did  not  pick 
e  of  Mr.  Chubb's  locks,  at  the  Exhibition,  in  seventeen 
nutes  ? 

Mr.  Hensman  replied  that  Mr.  Hobbs  had  done  so,  and  the 
k,  he  believed,  was  the  same  as  the  one  laid  before  the  meet- 
[.    He  examined  the  lock,  and  believed  it  had  not  been  tarn- 
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with  in  any  way;  lie  then  locked  it,  and  in  seventei 
58  Mr.  Hobbs  picked  it  fairly  in  his  presence,  with  i 
)tion  of  tool  that  had  been  shown  to  the  meeting.  I 
it  that  Mr.  Chubb  should  examine  the  lock,  to  see  that 
it  been  tampered  with ;  he  understood  that  the  lock  h 
urchased  by  Mr.  Hobbs  for  the  purpose,  at  Mr,  Chubl 

Appold  remarked  that  he  was  also  present  at  the  trij 
3  confirmed  Mr.  Hensman's  statement.     The  number 
k  WBS  142,352. 

Hobbs  observed,  that  it  had  been  objected  that  the  lo« 
ferred  to  had  been  in  his  possession  some  days  before  ] 
it ;  but  if  it  was  in  the  same  state  then  as  when  it  w 
;,  that  did  not  affect  the  question ;  and  it  was  now  la 
the  meeting.  He  had  picked  it  at  the  Exhibition,  in  tl 
je  of  a  party  of  gentlemen,  only  for  the  purpose  of  shoi 
J  principle  upon  which  tumbler  locks  could  be  picked;  ] 
ver  taken  the  tumblers  from  the  lock,  nor  altered  the  lo( 
way,  and  had  merely  fitted  his  instrument  to  the  ke; 
1  the  same  way  that  it  could  be  done  if  the  lock  were  fixe 
Dor.  If  any  party  of  gentlemen  will  purchase  one  of  M 
's  locks,  a  fair  commercial  lock,  place  it  under  seal,  ai 
ipon  a  door,  he  was  ready  to  go  and  pick  it ;  the  lock 
nined  previously  by  the  parties  and  by  Mr.  Chubb, 
in  that  it  was  a  fair  representation  of  that  principle 

Chairman  said  he  thought  the  question  had  better  be  le 
ettled,  as  had  been  suggested,  by  a  Committee  appointc 

parties  themselves,  independent  of  the  Institution, 
ivolving  the  Institution  in  any  contest  of  mechanical  ski] 
mbers  of  the  coimcil  would  be  glad  to  assist,  and  he  hope 
:s  of  the  experiments  would  be  laid  before  a  future  meetin 

)roposed  a  vote  of  thanks  to  Mr.  Hodge  for  his  interestii 
which  was  passed. 


Digitized  by 


Google 


28 

A  paper  by  Mr.  Henry  H.  Henson,  of  London,  "  On  Improve- 
ments in  the  Construction  of  Railway  Waggons/'  was  partly  read, 
and  the  further  consideration  of  it  was  adjourned  to  the  next 
meeting.    The  meeting  then  terminated. 


After  the  meeting,  a  party  of  one  hundred  and  seventy  of  the 
Members  and  their  friends  dined  together  at  the  Freemasons' 
Tavern,  including  a  number  of  Foreign  Engineers  and  Jurors  of 
the  Exhibition,  who  had  been  invited  on  the  occasion  by  the 
Members  of  the  Institution,  in  celebration  of  the  period  of  the 
Great  Exhibition  of  the  Industry  of  all  Nations.  The  President 
of  the  Institution,  Mr.  Robert  Stephenson,  M.P.  occupied  the 
chair,  and  in  the  course  of  the  evening,  the  company  was  ad- 
dressed by  General  Poncelet,  General  Wilson,  Colonel  Morin, 
Count  Rosen,  M.  Weidtmann,  Mr.  James  Walker,  C.E.,  Mr. 
William  Keogh,  M.P.,  Mr.  Joseph  Locke,  M.P.,  Mr.  James 
MacGregor,  Mr.  J.  Scott  Russell,  Mr.  Wyndham  Harding,  Mr. 
John  Penn,  and  Mr.  Charles  Geach,  M.P. 


Waterlow  and  Sons,  Printers,  Carpenters'  Hall,  London  Wall,  London. 
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PROCEEDINGS. 


The  General  Meeting  of  the  Members  was  held  at  the 
House  of  the  Institution,  Newball  Street,  Birmingham,  on 
Wednesday,  80th  July,  1851,  J.  E.  McConnell,  Esq.,  Vice- 
President,  in  the  Chair. 

The  Secretary  read  the  Minutes  of  the  last  General  Meet* 
ing,  which  were  confirmed. 

The  following  paper,  by  Mr.  Henrt  H.  Hsnson,  of  London, 
was  then  read : — 

ON  IMPROVEMENTS  IN  THE  CONSTBUOTION  OF 
RAILWAY  WAGGONS. 
Until  yery  recently,  it  could  scarcely  be  said  that  this  subject 
had  been  £edrly  entered  upon ;  and  it  had  received  but  little  atten- 
tion, except  from  those  whose  experience  had  been  derived  from 
the  construction  and  working  of  common  road  carriages,  which, 
however  valuable  for  the  purposes  for  which  they  were  designed, 
were  based  on  totally  different  principles  from  those  required  for 
the  Riulway  traffic  of  passengers  and  goods. 

Amongst  the  early  contributors  to  the  production  of  the  Rail- 
way Waggon,  were  included  the  great  carriers,  their  agents,  road 
contractors,  farmers,  builders,  wheelwrights,  salesmen,  graziers, 
timber  merchants,  and  others,  who  differed  greatly  in  their 
opinions  as  to  what  was  wanted.  Their  individual  experience, 
though  highly  valuable  in  reference  to  their  respective  depart- 
ments, required,  in  order  to  elicit  any  practical  result  from  this 
mass  of  information,  to  be  blended  and  digested  by  others  more 
experienced  in  the  practical  working  of  the  new  system. 

One  of  the  greatest  evils  inflicted  upon  the  Railway  Companies, 
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as  been  the  absence  of  arrangement  or  consultation  between 
le  officers  of  the  dififerent  lines,  in  order  to  consider  the  best 
instruction  of  the  various  vehicles  intended  to  be  used  in  the 
onduct  of  their  traffic.     The  result  has  been,  that  several  Com- 
anies  have  built  a  class  of  stock  to  some  extent  unsuitable  to 
ork  conjointly  the  business  of  t 
^rious  are  the  evils  resulting  fro 
f  things,  that  it  actually  at  this  i 
nprovement  being  carried  out  o 
'he  consequences  of  this  want  oi 
re  most  expensively  felt.     The 
Ineers  has  proved  highly   usefi 
dlway  machinery,  and  has  greatl; 
J  full  discussion  and  inquiry. 
The  purpose  of  this  paper  is,  a] 
I  construction  in  Kailway  Wag 
aanges  enforced  by  circumstance 
lay  here  remark,  that  his  attentioi 
f  the  daily  exposure  of  the  mercl 
le  constantly  recurring  loss  to  th( 
rimitive  mode  in  which  the  coi 
as  conducted. 

The  original  form  of  Goods  W 
ailways,  from  the  opening  of  tl 
Qe,  in  1829,  and  for  many  years 
lan  a  platform  upon  wheels,  all 
irying  from  four  to  ten  inches  h 
3ed  many  of  them  are  still  emplc 
*  the  traffic,  such  as  minerals,  ci 
id  sundries,  they  are  as  well  ada 
»ble  and  dangerous  if  employe 
erchandise  generally.  The  load 
lo  weight  of  the  waggon  from  ab< 
The  want  of  perfection,  or  unfit 
as  very  early  perceived,  and  the 
reshadowed   by   the   addition   < 
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which  were  merely  open  crib-rails,  dropped  in  staples  at 
the  sides  and  ends  of  the  Waggon,  and  secured  at  the 
comers  by  hooks  and  eyes.  To  tliis  slight  improvement  was 
soon  added  the  worst  evil  of  all,  the  inflammable  and  expensive 
tarpauling,  the  use  of  which  has  involved  such  costly  contingencies. 
The  most  striking  defect  common  to  the  open  Waggons,  is  the 
facility  with  which  large  bales  fall  from  the  tracks  upon  the  line, 
whereby  numerous  accidents  have  arisen.  In  shunting  and 
starting  the  train,  it  is  clearly  impossible  that  the  goods  can  keep 
their  position  on  the  floor  of  the  Waggon,  without  the  protection 
of  sides  and  ends. 

The  crib-rails  and  taipaulings  are  not  only  very  costly, 
considering  they  fail  to  answer  the  purposes  of  safety  and 
protection,  but  their  use  has  entailed  great  danger  and  expense. 
Serious  accidents  have  happened  from  the  negligent  way  in 
which  the  portable  sides  and  ends  are  suffered  to  lie  about  the 
Bailway ;  the  falling  of  them  from  the  Waggons  is  an  occurrence 
which  has  been  attended  with  serious  derangement  of  the  traffic. 
Trouble  and  expense  are  also  constantly  recurring  from  the  great 
labour  of  taking  down  and  refixing  the  crib-rails  to  the  Waggons  ; 
and  if  it  be  said  they  are  not  always  removed,  then  the  trouble  Of 
loading  and  unloading  must  be-  greatly  increased.  Neither  can 
the  important  item  of  repairs  be  said  to  be  moderate,  if 
considered,  as  it  should  be,  in  relation  to  imperfect  service, 
maintenance  of  crib-rails  and  tarpaulings — admittedly  different 
articles,  but  all  of  them  needful  to  the  completion  of  this  most 
imperfect  Waggon ;  to  which  may  be  added  claims  for  damage 
done  to  the  goods  carried  by  these  trucks. 

Fig.  1,  Plate  86,  shows  the  improved  Open  Goods  Waggon 
Tised  upon  railways  at  the  present  time ;  it  has  fixed  high  sides, 
with  doors  at  the  end,  and  is  covered  with  a  tarpauling. 

The  faults  of  the  tarpauling  are  so  well  known  to  all  connected 
with  the  practical  use  attempted  to  be  made  of  it,  that  the  writer 
will  only  observe,  that  its  employment  should  only  to  a  very 
limited  extent  have  been  permitted  in  the  conduct  of  the  Railway 
traffic.     In  a  conversation  with  one  of  the  great  carriers,  he  was 
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informed  that  the  yearly  cost  of  tarpaulings  to  the  firm  was 
£3,000,  and  one  item  of  this  expenditure  arose  irom  the  employ- 
ment of  eight  men  kept  for  the  purpose  of  repairing  the 
tarpaulings.  The  writer  believes  he  is  perfectly  correct  in 
stating,  upon  the  same  authority,  the  use  of  tarpaulings  to  have 
been  a  charge  of  4d.  per  ton  upon  the  goods. 

The  tarpaulings  were  certainly  extensively  used  in  the  inland 
navigation  of  the  Canals,  to  protect  the  contents  of  the  boats 
from  water,  but  the  same  means  has  been  employed,  with  strange 
inconsistency,  to  protect  the  goods  carried  by  Railway  from  fire. 
The  costliness  of  tarpaulings  may  be  inferred  from  the  £Etct,  that 
to  some  large  Companies  the  annual  expenditure  for  them  is 
about  £12,000,  exclusive  of  all  the  other  expensive  contingencies 
inseparable  from  their  use.  In  wet  weather,  the  writer  has  seen 
as  many  as  three  tarpaulings  used  in  covering  the  contents  of  a 
single  Waggon,  and  even  these  have  fiedled  to  keep  dry  the 
merchandise.  This  arises  fr*om  the  great  number  of  small  holes 
which  are  daily  made  in  them,  from  some  sharp  point  or  ang^e  of 
a  package  cutting  them  through.  So  uncertain  is  the  probable 
duration  of  a  tarpauling,  that  a  new  one  is  sometimes  spoiled  the 
first  day  of  its  employment ;  each  tarpauling  costing  from  £4 
to  £6. 

It  is  evident  that  an  open  truck  is  a  box  without  a  lid,  whether 
it  be  made  of  crib-rails  or  deal-board  sides  and  ends.  Over  this 
a  tarpauling  is  thrown  by  three  or  four  men,  who  attempt  to 
secure  it,  by  pieces  of  rope  provided  for  the  purpose,  to  the  hooks 
or  rings  attached  to  the  Waggon,  but  it  often  happens  that  the 
trucks  are  not  filled  to  a  level  with  the  top  side  of  the  Waggon ; 
the  consequence  is,  that  when  heavy  rains  fidl,  the  weight  of  the 
water  collected  on  the  top  of  the  tarpauling  is  so  great,  as  to 
invert  it  in  the  centre,  making  a  pond  or  dished  cistern,  of  about 
nine  inches  deep,  or  more,  containing  many  gallons  of  water. 

The  Goods  Manager  of  one  of  the  great  lines  informed  the 
writer,  that  in  the  wet  season  he  has  employed  as  many  as  twenty 
men  to  throw  ofif  the  water  collected  on  the  tops  of  the  tarpaulingst 
and  tighten  them  on  the  road,  at  one  station  only;  but  that  on  their 
arrival  at  London  they  were  again  in  the  same  state :    this  was 
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I  the  tarpaulings  were  sound.      In  those  cases  where  they 

not  water-tight,  the  damage  done  was  serious ;   tea,  sugar, 

se,   silks,  and    indeed  all  other  goods  were   more  or  less 

ged,  entailing  complaints  from  the  public,  and  much  loss  to 

'ompanies. 

.ose    princely  merchants,  the  East-India  Company,  have 

a  much  more  tact  and  prudence,  in  the  employment  of  a 

covered  portable  warehouse  on  wheels,  perfectly  secure 
any  contingency  whatever ;  to  have  employed  an  open  cart 
arpauling,  for  the  removal  of  the  treasures  of  the  East  from 
ocks  to  their  warehouses,  would  have  been  a  parallel  to  the 
Railway  Waggon,  and  as  costly. 

le  various  drawings  will  convey  some  idea  of  the  progressive 
"e  and  date  of  the  changes  in  construction  of  Bailway  Waggon 
The  success  and  extent  of  these  improvements  may  be 
red  IGrom  the  feust  that,  ten  years  since,  the  stock  of  one  great 
ray  Company  was  only  one  £fth  of  its  present  number,  and 
money  receipts  about  one  sixth,  yet  the  annual  cost  for 
tenance  is  now  not  double  the  amount  it  was  at  the  period 
red  to. 

le  attention  of  the  writer  was  forcibly  called  to  the  immense 
arising  from  the  destruction  of  property — occurring  whenever 
scident  took  place — not  only  from  damage  done  to  the  goods 
e  open  Waggons  broken  up,  but  also  much  more  from  goods 
wn  out  of  the  same,  when  ofif  the  line ;  the  ordinary  open 
gon  being  no  better  than  a  box  or  basket  without  a  cover, 

which  is  ejected  the  whole  of  its  contents  when  the 
gon  is  turned  over ;  and  this  has  sometimes  been  upon 
ails — into  a  field — a  ditch — down  an  embankment— or  into 
lal. 

lese  evils  were  often  the  subject  of  remark,  and  finding  that 
»ne  attempted  to  improve  the  system,  the  writer  determined 
dike  an  effort,  which  has  resulted  in  the  New  Covered  Goods 
g^on,  shown  in  Fig.  2,  Plate  86,  and  of  which  a  model  is 
'e  the  meeting.  This  subject  is  brought  forward  for  the 
ose  of  calling  attention  to  the  remarkable  contrast  which  has 
practically  found  by  experience  to  result  from  the  use  of  the 
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New  Covered  Waggon,  or  Transit  Warehouse,  as  compared  with 
the  open  waggon. 

Accidents  to  trains  containing  the  New  Covered  Waggons  have 
happened  ;  some  of  them  have  heen  thrown  to  the  bottom  of 
steep  embankments,  and  others  forty  feet  from  the  rails,  into  a 
field,  and  in  fact  exposed  to  all  the  violence  of  collisions  taking 
place  with  trains  consisting  of  seventy  Waggons,  travelling  from 
twenty  to  thirty  miles  an  hour,  and  loaded  on  an  average  with 
3^  tons  each,  the  gross  weight  in  motion  being  about  490  tons ; 
and  in  all  cases,  and  under  the  most  difficult  circumstances, 
the  contents  of  the  Covered  Waggons  have  been  preserved,  in 
most  instances,  from  any  damage  whatever,  while  the  waggons 
themselves,  from  the  peculiarity  of  their  construction,  have 
sustained  so  little  damage  as  to  have  excited  particular  notice. 
A  case  recently  occurred  of  two  of  these  being  thrown  off  the 
rails,  while  the  train  was  at  full  speed,  containing  4(  tons  of 
goods  each,  which  were  not  at  all  damaged,  neither  was  the 
square  of  the  waggons  found  to  have  been  broken. 

In  the  year  1830,  the  speed  of  passenger  trains  was  under 
twenty  miles  per  hour,  but  at  this  period  the  speed  of  goods 
trains  reaches  from  twenty  to  thirty  miles  an  hour,  with  a  degree 
of  safety  not  at  all  second  to  the  passenger  trains :  therefore, 
the  sound  construction  formerly  necessaiy  for  passenger  carriages 
became  fully  needed  by  the  present  requirements  of  the  traffic 
for  the  goods  Waggons. 

The  construction  of  the  New  Covered  Goods  Waggon  is  adapted 
to  meet  this  demand.  By  a  well-considered  and  scientific  em- 
plojrment  of  wood  and  iron,  perfect  rigidity  has  been  obtained 
in  all  parts  of  the  superstructure  of  the  Waggon,  which  has  the 
effect  of  permitting  the  utmost  freedom  in  the  mechanical  parts 
intended  to  move,  and  thereby  greatly  to  facilitate  its  following 
the  engine.  The  New  Covered  Waggon,  while  it  actually  costs 
less,  first  cost  excepted,  performs  the  important  service  of  running 
more  miles,  and  earning  a  larger  sum  of  money,  free  fr*om  all 
claims  for  damage,  than  any  other  Waggon  in  use.  It  is  in  more 
favour  with  the  carriers  and  the  public,  and  is  consequently  more 
employed;    and  it  i^  acknowledged  to  be  so  little  affected  in 
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The    Covered    Waggon   also    affords   the  most    remarkahle 
protection    to   other    Waggons   from   being   ignited    by   their 
proximity  to  any  that  may  be  on  fire  in  the  train.      Instances 
have  happened   on  several  lines   of  Railway,    property  where 
in   Open  Waggons,  as  well    as   the    trucks    themselves,    have 
been  destroyed.     The  New  Covered  Waggon,  if  in  a  train  of 
ordinary  Waggons  on  fire,  will  effectually  cut  off  the  progress  of 
the  flames  from  being  extended  to  the  next  tarpauling,  and  conse- 
quently to  the  open  Waggon  and  its  contents.     Several  instances 
of  the  New  Waggons  rendering  this  service  have  arisen.     One  of 
them  contained  some  thousand  pounds*  worth  of  silk,  and  in  the 
words  of  the  official  report,  the  contents  were  not  damaged,  while 
the  Waggon  itself  was  merely  charred,  and  the  paint  blistered 
at  the  end  next  the  fire,  which  was  raging  while  the  train  was 
drawn  into  the  nearest  station.     In  fact,  fire  occurring  in  open 
Waggons  spreads  rapidly ;  the  flames  being  very  forcibly  driven 
backwards  by  the  speed  of  the  train,  will  fire  all  the  Waggons 
behind,  if  covered  with  tarpaulings,  or  open,  but  they  are  effec- 
tually stopped  by  the  Covered  Waggon  checking  the  progress  of 
the  fiame  back. 

The  liability  to  fire  is  only  one  of  the  many  objections  to  the 
tarpauling  covering ;  it  is  very  liable  to  be  blown  about,  and 
sometimes  off,  exposing  the  contents  of  the  Waggon  to  every 
contingency. 

The  perfect  security  now  obtained  in  the  transit  of  the  goods 
in  the  Covered  Waggons  has  caused  the  ordinary  insurance  of  one 
pound  per  ton  for  silk  to  be  discontinued,  as  also  an  allowance 
formerly  made  to  the  men  for  extra  care  of  the  goods  previously 
conveyed  in  open  Waggons.  The  object  of  the  writer  has  been, 
to  avoid  every  known  defect  of  the  open  Waggons,  and  gradually, 
as  far  as  practicable,  to  remove  the  immediate  causes  of  damage 
to  goods,  los»  of  waggon  service,  and  to  reduce  repairs  as  nearly 
as  possible  to  grease  and  wheels,  and  so  to  improve  the  construc- 
tion generally,  as  to  adapt  it  to  the  varied,  but  well-defined 
requirements  of  the  Railway  system.  The  absence  of  all  claim 
for  damage  done  to  property,  carried  in  the  New  Waggon^  is  a 
fact  that  proves  some  success  has  attended  these  efforts. 


Digitized  by  VjOOQ IC 


BAILWAT   WAGGONS.  1 

irther  proof  of  the  value  of  the  Covered  Waggon  may  1 
red  from  the  fact,  that  the  carriers  consider  their  work  1 
df  done,  when  once  the  goods  are  deposited  in  the  Improve 

Covered  Waggon,  as  compared  with  the  serious  respo] 
ty  of  sending  the  goods  in  an  open  Waggon.  The  carriei 
1  to  the  writer  that  great  anxiety  is  felt  until  the  time  hi 
id  for  the  arrival  of  the  open  Waggon  at  its  destination,  an 
lelivery  of  one  post ;  and  it  is  only  on  the  non-arrival  < 
laint  at  the  period  referred  to,  that  the  carriers  begin  to  fe« 
e  from  any  claim  for  damage.  The  CoiTesponding  Clerk  ( 
arge  establishment  also  reports  that  he  is  at  a  loss  to  nan; 
mount  for  the  unmistakeable  saving  effected  in  correi 
ence,  since  the  Covered  Waggons  were  first  introduced;  an 

especially  as  the  traffic  has   increased  to  an  extent  nc 
ipated  by  the  most  sanguine.     The  goods  deposited  in 
red  Waggon  invariably  arrive  in  precisely  the  same  state  a 

loaded,  free  from  wet,  Ac.     Some  thousands  of  letters  les 
come  to  hand  in  reference  to  goods  lost  and  damaged  b 
lyance  in  open  Waggons, 
en  with  what  used  to  be  considered  the  ne  plus  ultra  of  th 

Waggon  plan,  (Fig.  1,  Plate  36,)  with  that  great  step  i] 
)vement — ^permanent  wood  sides  and  ends — little  mor 
ity  is  effected  tlian  by  crib-rails.  This  plan  can  hardly  b 
]o  have  been  subjected  to  the  rule  of  science  at  all ;  it  merel 
sts  of  certain  parts  of  wood  and  iron,  most  unskilfull; 
>rtioned  to  construct  a  Railway  Waggon,  the  sides  and  end 
ng  the  superstructure  being  boards  merely  laid  horizontally 
to  edge,  and  the  standards  bolted  across  the  face  of  tin 
Is,  at  right  angles ;  leaving  all  free  to  work,  like  so  man; 
iel  joints.  The  effect  of  this  mode  of  building  is,  that  thi 
i  of  the  parts  soon  become  loose,  and,  quite  as  much  as  th 
5,  accelerate  the  destruction  of  the  Waggon. 

other  cause  of  serious  expense,  attached  almost  exclusivel; 
J  Open  Waggons,  is  the  great  danger  and  outlay  incurred  b 
sfective  state  of  the  floors,  which  are  found  to  decay  rapidl) 
>n5equence  of  continual  exposure  to  the  different  effects  c 
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summer  and  winter:  No  attention  had  been  directed  to  the 
importance  of  constructing  Waggon  stock  to  remove  this  serious 
defect,  until  the  writer  gave  it  his  consideration.  He  has 
seen  himdreds  of  the  open  goods  and  cattle  waggons  standing, 
in  winter,  with  two  inches  depth  of  manure  and  water  covering 
the  entire  area  of  the  floor,  in  which  holes  have  afterwards 
been  made  to  let  out  the  water.  One  of  the  greatest  prac- 
tical evils  resulting  from  rotten  floors  is,  the  great  facility 
with  which  the  legs  of  the  cattle  have  slipped  through  and 
been  broken.  The  trains  have  in  some  instances  been  thrown 
from  the  line,  causing  much  delay  and  expense.  In  one  or  two 
cases,  the  beast  fell  completely  thi'ough  the  bottom  of  the  Waggon 
upon  the  line,  whereby  the  traffic  was  interrupted,  and  much 
damage  done.  Open  merchandise  Waggons  would  be  the  source 
of  many  more  accidents  and  greater  expense,  but  for  the  vigilance 
of  experienced  and  attentive  local  examiners  of  the  trains,  at  the 
stations  on  the  road.  The  constant  expense  caused  by  the 
exposure  of  the  Open  Waggons  to  the  deteriorating  influence  of 
the  weather,  whether  in  or  out  of  use,  is  most  serious  in  amount, 
as  there  are  several  millions'  worth  of  waggon  property  under- 
going depreciation  from  this  cause,  for  which  the  Companies 
have  to  pay  a  tax  equal  in  amount  to  that  for  the  employment  of 
the  work. 

The  result  of  many  years'  experience  has  shown  tliat 
doors  at  the  end  of  a  waggon  are  a  source  of  great  expense  for 
maintenance,  as  the  ends  are  subjected  to  by  far  the  greatest 
portion  of  the  work,  from  the  violent  strains  in  starting  and 
stopping ;  and  the  end  doors  also  cause  much  inconvenience  in 
working  at  the  stations.  The  adoption  of  side-doors  was, 
however,  considered  objectionable,  because  the  sides  of  the 
waggon  were  then  cut  completely  in  two,  and  rendered  weak ; 
but  this  objection  has  been  got  over  in  the  New  Roofed  Waggon, 
in  which  the  sides  are  fully  as  strong  as  the  rest.  The 
side  sliding  doors  of  the  New  Waggon  are  always  free  to  move, 
as  well  as  the  moveable  portion  of  the  roof,  by  which  valu- 
able provision,  the  crane  chain  can  deposit  or  remove  a  bale  of 
goods,  however  heavy,  from  any  part  of  the  interior  of  the  Waggon. 
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(See  Cross  Section,  Fig.  4,  Plate  87.)  Indeed,  such  is  the  ease 
with  which  the  operations  of  loading  and  unloading  can  he  per- 
formed, that  the  carriers  report  that  the  goods  almost  tumble  in 
and  out  of  the  Covered  Waggon,  when  the  steam  crane  is  used : 
at  once  removing  all  doubt,  if  any  were  entertained,  about  the 
great  saving  of  labour,  and  absence  of  all  inconvenience,  attending 
the  use  of  the  New  Waggon.  In  the  words  of  the  carriers'  report, 
''  no  one  can  properly  estimate  the  saving  effected  in  property 
and  time  by  the  employment  of  the  Covered  Waggon." 

In  addition  to  the  serious  disadvantages  of  the  old  open  plan 
of  Waggons,  with  which  property  to  a  large  amount  is  either 
stolen,  burnt,  or  damaged  by  water  and  other  means,  there  is  yet 
another  remarkable  circumstance,  that  has  not  been  adverted  to. 
Some  Waggons  contain  meat  instead  of  merchandise,  and  then 
they  not  unfrequently  become  a  travelling  cooking  apparatus,  in. 
which  cargoes  of  whole  sheep  and  pigs  are  roasted,  but,  what  is 
much  more  unsatisfactory,  spoiled  also.  The  New  Waggon  is 
not  only  proof  against  fire  happening  to  its  contents  from  external 
causes,  but  is  almost  so  in  reference  to  its  own  construction. 
One  of  the  plans  generally  adopted,  is  an  entire  outside  skeleton 
of  wood  framing,  well  secured  in  all  its  parts  by  suitable  ironwork, 
the  inside  of  which  is  lined  with  sheet-iron  plates,  of  No.  16 
gauge,  which  are  fixed  by  screws  to  the  wood  scantling.  The 
under  side  of  each  plate  is  bedded  upon  strips  of  felt,  laid  upon 
the  inside  of  the  wood  standards,  three  inches  wide.  The  plates 
form  a  flush  butt  joint  with  each  other,  having  a  surface  bearing 
of  H  in.  against  the  framing  of  the  body,  thereby  securing  a 
perfectly  even  and  smooth  surface  of  iron  over  the  entire  area  of 
the  loading  space.  This  evenness  secures  the  packages  from 
damage  by  chafing,  and  eflfects  great  durability  and  rigidity  in  the 
superstructure  of  the  Waggon,  and  consequently  great  reduction 
of  cost  for  repair. 

Fig.  7  explains  the  plan  of  constructing  the  roofs,  which 
are  also  made  of  No.  16  gauge  sheet  iron,  laid  upon  bent  ash  ribs, 
8Xlf  inches,  on  the  top  surface  of  which  are  placed  strips  of  tarred 
felt,  2f  inches  wide,  upon  which  each  sheet  of  iron  has  a  surface 
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bearing  of  IJ  inch,  and  is  sAcnred  to  the  rib  by  screws.  It  shoidd 
be  observed,  that  the  plates  intended  to  form  the  roof  are  «o  laid 
as  to  leave  a  space  of  i  inch  between  the  edges  of  each,  for  the 
purpose  of  allowing  a  screw  to  pass  between  the  edge  of  each  plate. 
This  space,  and  the  upper  surface  of  each  sheet  of  iron,  are,  in  like 
manner  to  the  under  side,  covered  by  a  strip  of  felt,  ^|  inches  wide, 
upon  which  is  laid  transversely  a  piece  of  hoop  iron  of  the  same 
width,  and  this  is  made  to  cover  the  two  rows  of  screws  by  which 
the  iron  roof-plates  are  made  fast  to  the  wood  ribs,  and  is  itself 
secured  by  a  single  row  of  screws  passing  between  the  edges  of  the 
plates  forming  the  roof.  The  cost  for  maintenance  of  roofs  so  con- 
structed is  merely  nominal,  no  case  of  repair  having  yet  happened 
(accidents  excepted)  in  five  years,  while  the  certain  cost  of  tar- 
paulings  for  500  Waggons  during  that  period,  would  not  be  less 
than  £7,500. 

The  section  of  the  slide  roof  and  waterways,  shown  in  Fig.  6, 
Plate  37,  will  explain  the  construction  of  that  important  part  of 
the  New  Covered  Waggon.  It  will  be  seen  that  the  moveable 
portion  of  the  roof  runs  upon  rollers  of  chilled  cast  iron, 
accurately  turned,  and  revolvickg  on  a  steel  axle,  to  prevent 
wear.  The  waterway  and  roller  path  is  partly  covered  with  a  flat 
strip  of  iron,  on  which  the  rollers  freely  work,  and  move  the  slide 
roof  The  plate  of  iron.  A,  answers  the  purpose  of  strength- 
ening the  wood  rib,  B,  and  effectually  prevents  any  water 
getting  into  the  interior  of  the  waggon ;  its  surface  is  also  useful 
for  the  crane  chain  to  work  against,  and  thereby  protects  the 
wood  from  injury.  The  whole  of  the  space  for  the  admission  of 
goods  is  in  like  manner  faced  with  iron,  which  renders  repair 
of  this  part  of  the  Waggon  most  trifling.  By  this  mode  of  con- 
struction, the  xlimensions  of  the  door  opening  and  its  respective 
working  parts  are  accurately  preserved ;  consequently,  the  doors 
and  slide  are  always  found  to  move  easily.  The  slide,  C,  is  most 
effectually  prevented  from  removal  for  improper  purposes,  by  the 
external  rib,  D,  and  the  iron  top  plate,  secured  by  a  bolt,  £, 
and  nut,  on  the  inside  of  the  sheet-iron  roofing. 

Fig.  5  shows  a  full-sized  section  of  the  doors,  side  waterway, 
and  roller  path  in  which  they  wori^ ;  and  of  the  inside  casing  by 


Digitized  by  VjOOQ IC 


RAILWAY  WAGOONSl  15 

which,  when  out  of  use,  the  doors  are  protected.  It  also  showa 
the  level  of  the  floor-line  and  door-post,  faced  with  bevelled  iron 
plate,  forming  also  a  snap  bolt  and  nut.  All  these  parts  of  the 
Waggon  have  so  perfectly  answered  the  purpose  for  which  they 
were  designed,  that  after  six  years*  use,  the  writer  is  not  aware  of 
any  alteration  that  can  be  made  with  advantage  to  the  plan. 

Fig.  3,  Plate  36,  represents  a  Covered  Waggon  of  similar 
construction  to  that  which  has  been  explained  above,  with  this 
difference,  that  the  doors  on  both  sides,  and  the  corresponding 
part  of  roof,  are  framed  together,  and  move  longitudinally  either 
to  the  right  or  left,  as  may  be  desired. 

Plate  38  represents  sections  of  four  other  plans  of  moving 
roofs :  Fig.  8  being  suitable  for  a  goods  Waggon  where  sliding 
doors  on  each  side  are  requisite,  and'  is  formed  of  two  slides, 
A  A,  moving  transversely  upon  the  Waggon,  one  above  the  other. 
This  plan  of  Waggon  is  in  all  other  respects  constructed  in  the 
same  manner  as  the  one  shown  in  Fig;  d. 

Fig.  9  is  a  section  showing  a  roof,  with  the  slide,  A,  running 
longitudinally  in  grooves  upon  the  top  of  the  Waggon,  and  appli- 
cable to  such  as  have  doors  at  the  end. 

Fig.  10  is  on  the  same  principle,-  with  the  exception  that  the 
slide.  A,  moves  upon  an  iron  rod}  B,  secured  on  each  side  of  the 
roof,  the  moving  portion  of  which  is  kept  in  its  place  by  eye-bolts, 
through  which  the  rods  pass. 

Fig.  11  is  a  part  elevation  of  another  plan  of  roof,  by  which 
the  sides,  A  A,  move  longitudinally  to  the  right  and  left.  This 
arrangement  is  suited  to  Waggons  that  are  required  to  have 
folding  doors  on  each  side. 

All  of  these  plans  have  been  for  some  time  praotieaUy  in  use, 
with  advantage. 

There  are  several  modifications  of  the  plan  of  building  these 
improved  Waggons,  but  the  one  shown  in  Fig  2,  and  another  in 
which  deal  boards  are  used,  instead  of  the  iron  plates,  to  form 
the  body,  as  before  described,  are  those  generally  adopted. 
The  roof  is  in  all  cases  formed  of  sheet-iron,  painted. 
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The  subjeet  of  dead  weight,  as  compared  with  the  load  carried 
is  of  importance. 

The  original  Waggons  weighed  from  2  to  2}  tons ;  load,  about 
the  same. 

The  present  Open  Waggons,  Fig.  1,  weigh  3^  tons  :  load,  4^ 
tons ;  being  1  ton  in  favour  of  paying  weight 

The  New  Covered  Waggons,  Fig.  2,  weigh  d|-  to  5  tons.  A  few 
only,  with  iron  floors,  heavy  axle-boxes  and  wheels,  weigh  5  tons ; 
the  general  class  weigh  4  tons,  carrying  6  to  8  tons. 

The  ex^ct  weight  of  the  present  build  would  be  3^  tons  :  load, 
6i  tons.  Paying  weight,  as  compared  with  dead  weight,  3  tons 
gained.  The  general  class  of  low-sided  Waggons  weigh  from  2^ 
*o  4  tons,  carrying  2i  to  4i  tons.  The  general  class  of  high-sided 
Waggons  weigh  from  2i  tons  to  4  tons  2  cwt. :  load,  3  J  to  4^  tons. 

In  concluding  this  paper,  the  writer  will  refer  to  a  few  of  the 
items  in  which  a  saving  has  been  permanently  effected.  He 
more  particularly  wishes  to  remark,  that  in  the  removal,  by  the 
Covered  Waggons,  of  many  old  and  expensive  sources  of  repair, 
common  to  the  open  Waggon,  he  certainly  has  not  introduced  any 
new  ones  in  connection  with  the  improved  plan  of  Waggon,  the 
construction  of  which  will  so  much  lessen  repair,  that  the  reduced 
expenditure,  as  compared  with  the  ordinary  open  Waggon,  will  in 
time  provide  a  fund  sufficient  to  reproduce  ^e  Waggon ;  saving 
the  necessity  of  laying  by  money  to  meet  any  loss  arising  from 
depreciation. 

The  cost  of  maintenance  of  the  open  Waggon  stock  varies  from 
7  to  10  per  cent,  on  the  first  cost  of  the  same.  The  repairs  of 
the  Improved  Waggon  do  not  exceed  4  per  cent,  on  the  prime 
cost.  Difference  in  favour  of  the  New  Covered  Waggon,  about 
one  half. 

The  eost  for  tarpaulings  to  cover  the  open  Waggon  is  reported 
in  some  instances  to  be  so  moderate,  and  in  others  so  high,  as  to 
leave  some  doubt  upon  the  subject.  That  it  is  most  serious,  all 
are  aware.  The  writer,  who  has  paid  some  attention  to  this 
subject,  is  prepared  to  prove  that  the  charge  cannot  be  less  than 
6  per  cent,  on  the  cost  of  the  open  Waggon.  The  whole  of  the 
charge  for  tarpaulings  is  saved  by,  and  is  therefore  in  favour  of. 
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the  Covered  Waggon.  The  annual  cost  for  tarpaulingB,  to  one 
large  Company  alone,  is  i61d,000. 

The  open  Waggons  are  further  chargeable  with  most  serious 
items  arising  from  damage  done  to  goods  by  water,  loss  by 
pilferage — ^in  some  years  hundreds,  and  as  often  thousands  of 
pomids ;  also  destruction  of  property  by  fire,  to  such  an  amount, 
that  it  is  serious  even  to  a  Bailway  Company ;  and  claims  for 
compensation,  arising  from  causes  too  numerous  to  be  more  than 
adverted  to. 

The  use  of  the  Covered  Waggon  may  be  said  to  be  free  from 
this  catalogue  of  charges ;  to  which  may  be  fairly  added  the  fact, 
that  while  the  improved  Waggon  costs  less,  as  shown  in  every 
way,  it  actually  gains  a  larger  sum  of  money  than  the  open 
Waggon,  by  being  more  constantly  in  condition  to  work,  and 
secures  its  earnings  free  from  the  deductions  referred  to. 

The  cost  of  these  Improved  Covered  Waggons  does  not  now 
exceed  the  price  formerly  paid  for  the  old  open  Waggons. 


Mr.  Henson  exhibited  a  complete  working  model  of  his 
improved  covered  waggon;  he  said  it  possessed  as  great  a 
capacity  for  loading  as  the  ordinary  goods  waggons^  and  was 
quite  as  strong,  if  not  stronger. 

Mr.  Slate  inquired,  how  often  the  new  waggon  could  be 
loaded,  in  regular  traffic,  with  goods  to  the  amount  of  seven  or 
eight  tons;  and  what  description  of  goods  was  intended  to  be 
carried  by  it ;  and  what  weight  of  light  or  damageable  goods  it 
would  hold  ? 

Mr.  Henson  replied,  that  the  waggoo  would  take  to  the 
amount  of  from  five  to  seven  tons  of  sugar,  silks,  &;c.,  and 
other  damageable  goods.  It  was  calculated  for  the  convey- 
ance of  Manchester  goods,  which  were  generally  heavy  ;  and 
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1686  waggons  were  found  by  the  carriers  particnlarly  service- 
)le  in  carrying,  with  perfect  security,  these  descriptions  of 
imageable  goods.  Sheet  and  hoop  iron  also  would  load  them 
\  seven  tons  ;  and  these  goods  required  substantial  covering, 
}  protect  them  from  rust  and  other  injuries ;  and  serious  loss 
as  sometimes  experienced  from  the  damage  caused  to  them 
y  exposure  to  the  weather  in  the  ordinary  open  waggons. 

Mr.  Slate  observed,  that  in  Mr.  Henson's  waggon  the  re- 
action of  the  tare  was  certainly  very  considerable ;  it  appeared 
e  had  produced  a  vehicle  which,  for  every  ton  of  its  own 
eight,  would  carry  double  the  weight  of  goods.  This  was  a 
reat  step  in  the  right  direction,  and  he  hoped  the  waggon 
light  be  further  enlarged  and  improved — even  to  double  its 
ize — that  expenses  might  be  saved,  and  a  reduction  in  the 
irriage  of  heavy  goods  be  effected. 

Mr.  Henson  replied,  that  the  great  objection  to  any  exten- 
ion  of  the  length  of  the  waggons,  was  the  manner  in  which 
ley  were  now  confined  by  the  station  buildings,  the  ap- 
roaches  to  the  warehouses,  and  the  turn- tables.  Great  altera- 
ons  would  be  required  at  the  stations,  along  the  whole  line 
f  railway,  before  any  enlargement  of  the  present  size  of  wag- 
ons could  take  place. 

*  Mr.  W.  Smith  said,  it  was  clear  that  the  waggon  possessed 
very  facility  for  loading  all  kinds  of  goods  ;  and  it  had  been 
hown,  in  various  ways,  that  the  ordinary  open  waggons  and 
ftrpaulings  were  very  imperfect  and  expensive.  He  saw  that 
ertain  parts  of  the  new  waggon  were  made  of  corrugated  iron ; 
nd  be  wished  to  inquire  where  the  extra  strength  and  saving 
Q  weight  were  obtained  ;  and  why  the  framing  and  the  platform 
rere  not  also  made  of  iron,  instead  of  wood  ? 

Mr.  Henson  explained,  that  he  considered  the  combination 
f  wood  and  iron  that  he  had  adopted  was  decidedly  the  best, 
n  his  opinion,  an  entire  iron  waggon  would  not  only  be 
eavier,  but  it  would  be  weaker,  while,  at  the  same  time,  it 
ould  be  considerably  more  expensive,  and  more  difiScult  to 
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r.  The  wood  prevented  the  iron  from  hending,  and  the 
prevented  the  wood  from  breaking  ;  and  by  these  means  a 
,  increase  of  strength  was  obtained. 

le  Chairman  remarked,  that  this  question  of  construction 
)een  discussed  upon  a  former  occasion,  after  a  paper  read 
r.  Adams ;  and  the  relative  merits  and  strength  of  iron  and 
,  as  used  separately  or  combinedly  in  the  construction  of 
ay  carriages,  was  an  important  subject  for  consideration  : 
id  been  recommended  to  make  the  under  frame  of  iron, 
r.  W,  Smith  suggested,  that  the  waggons  should  have 
sides  and  ends  entirely,  as  well  as  iron  tops,  if  the  object 
to  protect  the  goods  against  the  effects  of  fire,  as  proteo- 
was  quite  as  necessary  in  that  part  of  the  carriage,  when  a 
was  on  fire,  as  it  was  on  the  roof. 

le  Chairman  observed,  that  he  could  bear  testimony  to 
lew  waggon  being  an  effective  security  against  fire.  In 
:)wn  experience,  he  had  known  it  operate,  when  placed 
3en  two  of  the  old  waggons,  as  a  complete  check  against 
rogress  of  fire  in  a  goods  train  on  the  railway. 
r.  Slate,  referring  to  the  model  of  the  new  waggon, 
ed  the  great  additional  strength  which  the  roof,  from  its 
ruction,  gave  to  the  body  of  the  waggon,  as  compared  to 
)en  waggon.  The  frame  acted  as  diagonal  bracing ;  while 
oof,  like  the  deck  of  a  ship,  strengthened  the  general 
ture  of  the  vehicle. 

r.  CowPER  observed,  that  the  roof  of  the  waggon  made 
vhole  body,  as  regarded  strength,  into  a  complete  girder, 
B  full  depth  of  the  waggon. 

r.  Adams  quite  agreed  with  Mr.  Hanson,  with  regard  to  the 
tion  to  iron  for  the  upper  framing ;  there  would  be  great 
ulty  in  riveting  corrugated  iron  to  iron  framing,  and  such 
cess  would  necessarily  lead  to  considerable  expense;  but  it 
5omparatively  easy  to  fix  the  corrugated  iron  by  screws  to 
framing.  He  was  of  opinion,  however,  that  iron  was 
r  for  the   under  framing   than   wood.     He   considered 
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hat  the  waggon,  as  constructed,  was  very  safe  firom  fire; 
md  if,  with  a  dead-weight  of  only  8  J  tons,  it  could  carry  6  or  7 
ons  of  goods,  it  was  most  unquestionably  a  yery  efficient 
vehicle. 

The  Chairman  said,  the  protection  against  fire  went  far  to 
)how  the  superiority  of  Mr.  Henson's  waggon ;  and  when  they 
)on8idered  the  great  losses  to  which  Bailway  Companies  were 
mbjected,  by  damage  done  to  goods  entrasted  to  them  for 
conveyance,  it  was  evident  that  great  advantages  were  derivable 
Prom  efficient  protection,  by  having  the  waggons  completely 
closed,  and  as  nearly  as  possible  air-tight  It  would  also  be  a 
great  saving  to  Railway  Companies,  in  reducing  the  proportion 
of  the  dead- weight  of  the  waggons,  as  compared  to  the  paying 
weight  carried ;  and  in  addition  to  the  protection  from  injury 
and  loss,  the  expense  of  goods  conveyance  would  be  considerablj 
reduced,  and  the  means  of  carriage  increased.  He  proposed  a 
vote  of  thanks  to  Mr.  Henson,  for  his  paper,  which  was  passed. 

The  following  paper,  by  Mr.  0.  W.  Siemens,  of  Birmingham, 
was  then  read : — 

ON  A  NEW  REGENERATIVE  CONDENSER  FOR  HIGH- 
PRESSURE  AND  LOW-PRESSURE  STEAM  ENGINES. 
The  Condenser  of  a  Steam  Engine  has  for  its  object  the  com- 
plete discharge  of  steam  from  within  the  working  cylinder,  after 
it  has  served  to  propel  the  piston.  This  is  effected  by  conducting 
the  expended  steam  into  a  closed  chamber,  containing  an 
extended  surface,  of  comparatively  cool  substance,  which  absorbs 
the  latent  heat  of  the  steam,  and  thereby  reduces  it  to  its  liquid 
state.  Cold  water  is  generally  employed  for  this  purpose,  which 
is  either  brought  into  immediate  contact  with  the  steam,  as  is 
the  case  in  Watt's  Injection  Condenser,  or  through  the  medium 
of  metallic  walls,  as  in  the  Surface  Condenser  by  Homblower, 
improved  upon  by  Hall  and  others. 

The  more  or  less  perfect  condensation  of  the  steam  depends — 

Ist. — On  the  absence  of  air  from  the  Condenser. 

2nd. — On  the  temperature  at  which  condensation  takes  place. 
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rhe  appended  Table  shows  the  elastic  force  of  steam  in  vapour, 
various  temperatures.  It  will  be  observed  that,  in  order  to 
>duce  a  perfect  vacuum,  the  water  should  leave  the  Condenser 
about  32o  Fah.,  or  be  introduced  in  the  form  of  ice.  Con- 
ising  water,  however,  is  generally  obtained  at  the  temperature 
Eibout  60°  Fah.,  and  it  leaves  the  Condenser  at  about  110''  Fah., 
ich  latter  temperature  implies  a  remaining  atmosphere  of 
>oiir  equal  to  2.5  inches  of  mercuiy,  or  in  other  words  a  vacuum 
27*5  inches  below  the  atmospheric  pressure  at  80  inches.  If 
ess  quantity  of  condensing  water  be  used,  it  will  be  raised  to  a 
>portionately  higher  temperature,  and  a  less  perfect  condensa- 
n  be  effected.  At  Sld^  Fah.,  the  pressure  of  the  uncondensed 
pour  would  be  equal  to  that  of  the  atmosphere,  and  the  object 
the  Condenser  would  be  entirely  frustrated. 
In  all  cases  where  an  abundant  supply  of  condensing  water 
anot  be  obtained,  or  where  the  heat  of  the  steam  employed  by 
9  Engine  is  reclaimed  for  other  purposes.  Steam  Engines 
3  worked  without  a  Condensing  Apparatus  (or  at  high  pressure) 
the  sacrifice  of  an  effective  pressure  nearly  equal  to  that  of  the 
nosphere  upon  the  working  piston.  The  BegeneraHve  Condenser 
le  subject  of  the  present  paper)  redeems  the  Engine  from  this 
kste  of  heat  in  the  one  case,  and  loss  of  mechanical  effect  in 
e  other  case,  being  possessed  of  the  peculiar  property  of 
turning  the  condensing  and  condensed  water  at  the  initial 
mperature  of  the  steam  previous  to  its  discharge  from  the 
>rking  cylinder,  (commonly  speaking,  at  Sia**  Fah.,)  effecting 
vertheless  an  efficient  vacuum. 

Fig.  1,  Plate  89,  shows  a  sectional  elevation  of  the  Regenerative 
mdenser,  as  applied  to  a  lOHP  high-pressure  Engine, 
eonsists  of  an  upright  rectangular  trunk  of  cast  iron.  A,  the 
wer  end  of  which,  B,  is  cylindrical,  and  contains  a  working 
ston.  The  trunk  is  filled  with  metallic  plates,  which  are 
Aced  upright,  and  parallel  to  each  other,  with  intervening 
aces  of  not  less  than  i^eth  of  an  inch  in  breadth.  The  upper 
tremity  of  the  Condenser  communicates  on  one  side,  E,  to  the 
liaust-port  of  the  Engine ;  and  on  the  other,  to  the  hot-well,  F, 
rough  a  valve,  G.    A  stop,  H,  prevents  the  opening  of  the  valve 
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beyond  a  certain  distance,  in  order  that  it  may  re-shut  more 
instantaneously.  The  metallic  plates  D,  are  fastened  together  by 
five  or  more  thin  bolts,  with  small  washers  between  the  adjacent 
plates,  which  keep  them  the  required  distance  apart.  They  can 
easily  be  removed  firom  the  Condenser,  for  the  purpose  of 
cleaning,  by  taking  off  the  cover,  I,  and  drawing  out  the  whole  of 
the  plates. 

An  injection  pipe,  K,  enters  the  Condenser  immediately  below 
the  plates ;  it  is  provided  with  a  small  air-vessel,  L,  and  a 
regulating  cock. 

The  action  of  the  Condenser  is  as  follows : — 

Motion  is  given  to  its  working  piston  by  the  Engine, 
causing  it  to  accomplish  two  strokes  for  every  one  of  the  En^^^e. 

At  the  moment  when  the  exhaust-port  of  the  Engine  opens, 
the  plates,  D,  are  completely  immersed  in  water,  a  small 
portion  of  which  has  entered  the  passage  above  the  plates  at  A,  and 
is,  together  with  the  air  present,  carried  off  by  the  rush  of  steam 
through  the  valve,  G,  into  the  hot-well,  where  the  water  remains, 
while  the  excess  of  steam  protieeds  into  the  atmosphere.  An 
instant  after  the  partial  discharge  of  the  steam  cylinder  has  com- 
menced, the  water  recedes  between  the  plates,  D,  and  exposes 
them  gradually  to  the  steam,  which  condenses  on  them  in  the 
manner  following.  The  upper  edges  of  the  plates,  emerging  first 
from  the  receding  water,  are  enveloped  in  steam  of  atmospheric 
pressure,  and  in  condensing  a  portion  thereof,  they  become 
rapidly  heated  to  nearly  the  temperature  of  the  steam,  or  about 
210°  Fah.  The  partial  condensation  diminishes  the  density  and 
temperature  of  the  remaining  steam,  which  requires  additional 
and  cooler  surfaces  for  its  further  condensation.  This  is  pro- 
vided for  by  the  continual  emerging  of  additional  portions  of 
the  metallic  surfaces  from  the  water.  By  the  time  the  water- 
level  leaves  the  plates,  the  far  greater  portion  of  the  steam  is 
condensed.  The  condensation  of  the  remaining  portion  of 
steam  could  not  so  readily  be  accomplished  by  means  of  metallic 
surfaces,  but  the  piston,  C,  continuing  to  descend,  puts  it  into  im- 
mediate contactwith  the  jet  of  cold  water  from  the  pipe,  K,  which 
completes  the  vacuum  in  the  manner  of  a  common  Injection  Con- 
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placing  cylinder,  among  which  a  knee  motion,  worked  direetlj 
from  the  heam  or  cross-head  of  the  engine,  is  generallj  fomid 
the  most  convenient,  as  shown  at  M  M  in  Fig.  1. 

The  quantity  of  condensing  water  required  with  this  Con- 
denser to  condense  one  pound  of  steam,  of  atmospheric  pres- 
sure— ^taking  the  initial  temperature  of  condensing  water  at  60** 
Fah.,  the  final  temperature  at  dlO**  Fah.,  the  latent  heat  of 
steam  of  fiW  Fah.  at  960  units— is 

-i?^  =  6.61bs. 
210—60 

of  water  to  condense  1  lb.  of  steam. 

The  common  Injection  Condenser  (supposing  the  condensing 

and  condensed  water  to  issue  at  110°  Fah.)  requires 

110—60 
in  place  of  the  6.6'  lbs.  which  the  Begeneratire  Condenser 
requires.  In  the  case  of  a  locomotive,  or  other  high-pressure 
Engines,  where  the  steam  is  released  from  the  cylinder  at  a 
pressure  of,  say  30  lbs.  above  the  pressure  of  the  atmosphere, 
two  thirds  would  be  allowed  to  escape  uncondensed,  and  a 

vacuum  be  obtained  with  only  —  =  2.2  lbs.  of  condensing 

water  for  every  1  lb.  of  steam  passed  through  the  cylinder. 

The  small  quantity  of  condensing  water  required,  rendera 
the  proposed  Condenser  applicable  to  Engines  in  nearly  eveiy 
locality ;  and  pains  have  been  taken  to  render  the  apparatus 
itself  equally  light  and  compact.  The  advantages  resulting 
from  its  application  to  high-pressure  Engines  are  as  follows : — 

1.  Additional  e£kctive  power,  gained  on  account  of  the 
vacuum. 

Fig.  8,  illustrates  this  gain,  which  (supposing  the  averagie 
steam  pressure  to  be  =  40  lbs.  above  the  atmosphere,  and  vacuum 
within  the  cylinder  =  10  lbs.)  amounts  to  20  per  cent ,  irre- 
spective of  expansion.  If  both  the  steam  pressure  and  dve  duty 
on  the  Engine  remain  unchanged  after  the  Condenser  is  applied, 
it  is  evident  that  the  steam  may  be  worked  eiq)ansively  to  a 
large  extent,  without  diminishing  the  absolute  driving  power  of 
the  Engine. 
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2.  Heat  saved  in  generating  the  steam,  by  the  use  of  boiling- 
tfeed  water ;  and  the  remaining  portion  of  hot  water  may  be 
Ivantageously  used  for  heating  buildings,  dyeing,  &c. 
High-pressure  Engines  are  frequently  provided  with  heating 
paratus  for  the  feed  water,  which  heats  it  on  the  average  to 
out  the  temperature  of  the  condensing  water  from  low-pres- 
re  Engines,  or  llO**  Fah.  The  proposed  Condenser  heats  it  to 

0*  Fah.,  which  constitutes  a  saving  of ^I- — =  about  10 

r  cent 

When  such  heating  apparatus  is   not  provided,  the  saving 

210—60  u     X  IK 

lounts  to  — -— =  about  16  per  cent. 

960 

8.  The  steam  which  is  not  condensed  may  be  used  to  cause 

Iraught  in  the  chimney,  or  for  other  purposes. 

4.  The  displacing  cylinder,  unlike  the  air-pump  of  the  Injec- 
n  Condenser,  abstracts  no  motive  power  from  the  Engine. 

5.  The  Condenser  may  be  started  and  stopped  at  any  time,  by 
ming  the  supply  of  injection  water  either  on  or  oflf.  If  turned 
,  it  at  once  forms  the  vacuum,  without  involving  the  necessity 
blowing  through  ;  and   if  turned  oflf,  it  allows  the  Engine  to 

oceed  in  the  same  manner  as  though  no  Condenser  had  been 
plied. 

6.  The  air  contained  in  the  Condenser  is,  at  the  commence- 
Bnt  of  each  stroke,  bodily  expelled,  which  is  of  great  advantage 

the  formation  of  a  good  vacuum,  instead  of  the  ordinary  air- 
imp  removing  only  a  portion  of  the  air  at  each  stroke,  and  conse- 
lently  lea\dng  a  portion  always  in  the  Condenser. 

7.  The  Regenerative  Condenser  is  more  compact,  and  even 
ss  expensive  than  the  ordinary  Injection  Condenser,  being  less 
an  one  quarter  of  the  size,  and  having  only  one  valve  instead 
'  three. 

Its  proportionate  dimensions  are  as  follow : — Area  of  plate- 
lamber,  three  times  the  area  of  exhaust-pipe  ;  length  of  plates, 
ae  quarter  to  one  third  part  of  length  of  stroke  of  engine  ;  thick- 
Bss  of  plates,  Mud  part  of  this  length.  Spaces  between  the 
lates,  the  same,  but  never  less  than  I'eth  of  an  inch,  it  having 

D 
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been  found  that  the  alternate  rush  of  water  and  condensing 
steam  prevents  the  settlement  of  grease  and  earthy  matter  be- 
tween the  plates,  if  thej  are  not  less  than  i^eth  of  an  inch  apart. 
Capacity  of  displacing  cylinder,  equal  to  one  and  a  half  times  the 
capacity  of  the  plate-chamber.  The  total  capacity  of  the  Con- 
denser is  only  equal  to  about  the  tenth  part  of  the  capacity  of 
the  working  cylinder.  In  applying  the  Regenerative  Condenser 
to  existing  high-pressure  Engines,  a  saving  of  fuel  of  from  80  to 
35  per  cent,  has  been  effected,  or  an  increase  of  power  to  that 
amount  with  the  same  expenditure  of  fuel  as  theretofore.  This 
saving  may  however  be  still  considerably  augmented,  if  advan- 
tage be  taken  of  the  increased  effective  pressure  to  work  the 
engine  expansively.  This  may  in  most  cases  be  easily  effected, 
by  merely  adding  to  the  lap  of  the  slide  valve,  and  increasing 
the  lead  of  the  eccentric  proportionately,  whereby  the  additional 
advantage  of  a  more  early  discharge  of  the  steam  is  obtained. 

The  advantages  attending  the  application  of  the  Regenerative 
Condenser  to  stationary  Engines  being  practically  proved,  the 
author  is  desirous  to  extend  the  same  also  to  that  important 
class,  the  Locomotive  Engine.  In  inviting  the  attention  of 
Railway  Engineers  to  this  inquiry,  he  is  prepared  for  practical 
objections  being  raised,  on  account  of  the  great  rapidity  of 
motion,  the  necessity  for  the  greatest  possible  simplicity  and 
lightness,  the  deficiency  of  condensing  water,  &c. ;  but  he  thinks 
that  the  Condenser  under  consideration  is  peculiarly  well 
adapted  to  meet  these  objections. 

Its  peculiarities  in  this  respect  are : — That  it  may  be  accom- 
modated to  any  speed  of  piston,  by  reducing  the  length  an4 
increasing  the  breadth  of  plates,  thus  reducing  the  velocity  of  the 
displacing  piston  proportionately. 

Its  dimensions  are  proportionate  to  the  capacity  of  cylinder 
only,  and  not  (like  other  Condensers)  to  the  horse-power  of  the 
Engine. 

The  total  weight  of  a  pair  of  Condensers,  as  applied  to  a 
locomotive  Engine  with  cylinders  of  13  inches  diameter  and  90 
inches  stroke,  is  about  d|-  cwt. 

The  power  of  the  blast  remains  nearly  undiminished. 
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Th«  Gonditftiser  risquirds  nid  attention  in  working  th6  Engine, 
d  in  case  it  should  fail  to  aet,  from  any  accidental  cause,  the 
igine  will  continue  to  work  high-pressure  as  usual ;  moreover, 
loes  not  interfere  with  the  working  parts  of  the  Engine. 
The  advantages  which  would  result  from  a  vacuum  in  the 
inder  of  ai  Locomotive  Engine,  have  heen  ably  set  forth  bj 
'.Edward  Woods,  in  his  "Observations  on  the  Consumption  of 
el  and  Evaporation  of  Water  in  Locomotive  and  other  Steam 
gines." — The  present  paper  may  therefore  be  limited  to  the 
ans  proposed  for  that  purpose. 

rhe  two  Condensers  are  cast  in  one  piece,  and  placed  imme- 
tely  in  front  of  the  cylinders  of  the  Engine.  Each  of  them 
sely  resembles  the  Condensers  above  described;  only  the 
gth  of  the  plates,  and  the  stroke  of  the  displacing  pistons,  are 
ch  reduced  in  proportion  to  the  steam  cylinder,  in  order  that 
velocity  of  the  water  between  the  plates  may  not  exceed 
tain  limits. 

Che  two  displacing  pistons  are  connected  to  opposite  ends  of 
liort  vibrating  beam,  which  receives  its  motion  from  the  Engine. 
11  addition  to  the  exhaust  valves  leading  into  the  hot-well, 
se  Condensers  are  provided  with  a  second  set  of  discharge 
res,  of  a  somewhat  peculiar  construction,  which,  with  very 
ited  motion,  combine  the  advantage  of  opening  a  perfectly 
IT  passage  for  the  exhaust  steam  of  the  Engine  into  the 
mney,  where  its  remaining  expansive  force  is  required  to  pro- 
se draught.  This  valve  consists  of  a  longitudinal  rectangular 
t,  in  the  upper  wall  of  the  steam  passage  which  leads  from  the 
iinder  to  the  Condenser. — At  the  ends  of  the  slots  are  trian- 
ar  pieces,  which  support  the  sides  of  two  longitudinal  lips 
ich  cover  the  aperture,  except  at  sruch  times  when  a  superior 
»sure  from  within  forces  them  open.  The  extent  of  their 
ition  is  limited  by  dead  stops. 

rhe  escape  of  steam,  together  with  the  hot  water,  into  the  hot- 
11,  is  regulated  by  a  blow-off  valve  from  the  latter  into  the 
nosphere ;  by  this  means  a  pressure  above  that  of  the  atmos- 
ere  is  obtained  in  the  hot- well,  which  acts  favourably  in  forcing 
9  boiling-hot  condensing  water  into  the  feed  pump  of  the  boiler. 
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It  has  been  stated  above,  that  the  ordinary  supply  of  feed  wate 
is  of  itself  not  quite  half  sufficient  to  maintain  a  vacuum  withi 
the  Condenser,  and  an  additional  supply  of  water  must  be  pn 
vided  for.  Considering,  however,  the  smallness  of  the  excess  ( 
condensing  water,  especially  if  the  diameters  of  the  workin 
cylinders  are  reduced  in  proportion  to  the  additional  efifecti^ 
power  gained,  and  considering  that  boiling-hot  water  will  readil 
part  with  the  principal  portion  of  its  heat,  it  is  proposed  to  tali 
it  back  to  the  tender  through  a  simple  Refrigerator,  in  whic 
advantage  is  taken  of  the  rapid  motion  of  the  Engine  throng 
the  air  for  cooling  the  water.  The  Refrigerator  may  be  plac< 
conveniently  on  the  back  of  the  tender. 

The  application  of  the  proposed  Condenser  to  low-pressu 
Engines  (see  Fig.  2,'  plate  30,)  requires  but  a  short  notice,  aft 
what  has  been  said  already;  the  letters  refer  to  the  same  parts  i 
in  the  former  description  of  the  High-Pressure  Condenser,  shov 
in  Fig.  1.  In  it  the  steam,  at  the  time  when  it  is  releas( 
from  the  cylinder,  has  not  sufficient  force  to  expel  the  air  ai 
heated  water  from  the  Condenser  into  the  atmosphere,  and 
partially  vacuous  space  must  be  provided  for  their  reception.  F 
this  purpose,  that  side,  B,  of  the  displacing  cylinder  which,  in  tl 
arrangement  hitherto  described,  is  always  empty,  is  put  i 
communication  with  the  exhaust  valve,  G,  of  the  Condenser,  ai 
receives  the  charge  of  water  and  air  at  the  time  when  the  piste 
is  at  the  opposite  end.  A  second  valve,  O,  is  provided,  throug 
which  the  water  is  expelled  into  the  hot-well  during  the  retur 
of  the  piston.  For  the  convenience  of  arrangement,  the  dii 
placing  cylinder  is  reversed. 

The  chief  advantages  obtained  by  the  application  of  this  Coi 
denser  to  the  low-pressure  Engine  are : — 

1.  The  requisite  amount  of  injection  water  is  reduced  in  tl 
proportion  of  3  to  1. 

2.  The  feed  water  of  the  boiler  is  obtained  nearly  boiling  ho 

which  constitutes  a  saving  in  fuel  of      ~  —  about  10  percen 

3.  The  whole  amount  of  heat  generated  under  the  boiler  i 
given  off  by  the  Eng'me  in  the  form  of  water,  at  210*  Fah.,  whicl 
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it  cases,  may  be  adyantageously  employed  for  heating 
gs,  for  washing,  dyeing,  and  other  purposes, 
large  proportion  of  the  power  req^uired  for  working  the 
ip  is  saved. 

first  Regenerative  Gondeiiser  was  attached  to  a  16-HP 
esstire  Engine,  at  Saltley  Works,  near  BinxHngham,  in 
iber,  1 840,  where  it  has  been  found  to  answer,  although  it  is 
feet  in  its  proportions,  and  could  not  be  kept  constantly 
ration,  in  consequence  of  a  deficiency  of  injection  water. 
;ual  indicator  diagram,  shown  in  Fig.  3,  Plate  30,  was  taken 
lis  Engine;  since  then,  several  more  have  been  erected, 
3  result  above  referred  to  obtained.  The  dotted  line  in 
shows  the  indicator  diagram  taken  from  the  Engine  before 
ndenser  was  applied,  and  the  fuU  line  shows  the  diagram 
EIngine  working  with  the  Condenser,  and  exerting  exactly 
le  power  as  in  the  former  case.  The  shaded  portion  of  the 
n  shows  the  power  gained  or  saved  by  the  use  of  the 
Qser. 

author  proposes  to  conclude  this  paper  with  a  short 
0  sketch  of  the  Steam  Engine  Condenser,  to  illustrate  the 
t  features  of  this  proposed  system. 

^ewcomen's  Engine,  the  condensation  of  the  steam  was 
i  by  the  alternate  introduction  of  a  jet  of  cold  water  into 
am  cylinder  itself.  The  cold  water  naturally  cooled  the 
Df  the  cylinder,  which  in  their  turn  condensed  a  large 
i  of  the  succeeding  charge  of  steam  before  it  had  forced 
ton  upward. 

es  Watt,  in  seeking  a  remedy  against  this  loss  of  heat, 
ired  the  possibility  of  condensing  the  steam  in  a  separate 
vessel ;  and  in  carrying  his  idea  into  effect,  he  not  only 
d  his  immediate  object,  but  at  the  same  time  rendered  the 
Engine  susceptible  of  that  degree  of  perfection  and  general 
ktion  of  which  it  is  now  possessed.      The  Injection  Con- 

of  Watt  is  the  most  effectual  of  its  kind,  and  has  main- 
its  exclusive  dominion  to  the  present  day.  It  consists  of 
d  vessel,  which  communicates  periodically  with  the  steam 
3r.     The  injection  water,   together  with  the  condensed 
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Steam  and  ur,  which  is  pardy  evolred  from  tba  ii^jeetion  water, 
and  partly  leaks  in  through  the  joints  of  the  cylinder  and  exhansi 
pipe,  are  continually  discharged  from  it  by  means  of  the  air^ 
pump.  Shortly  after  the  introduction  of  Wattes  Condenser,  a 
SurfEtce  Condenser  was  proposed  by  Homblower,  which  consisted 
of  a  close  annular  vessel  of  thin  metal  plate,  on  the  inner  suifaoes 
whereof  the  waste  steam  of  the  engine  was  condensed ;  its  latent 
heat  being  continually  carried  off  by  a  stream  of  cold  water  which 
surrounded  the  vessel.  A  comparatively  small  air-pump  was 
provided,  which  senred  to  discharge  the  condensed  water  (to  he 
again  forced  into  the  boiler)  and  some  air  which  might  leak  in 
through  the  joints. 

This  Condenser  fiEdled  in  practice,  for  want  of  sufficient  extent 
of  cooling  surface.  An  effective  Surface  Condenser  would  possess 
considerable  advantages  over  the  Injection  Condenser,  especially 
in  the  case  of  marine  engines*  Allowing  the  condensed  steam 
to  be  continually  returned  into  the  boiler,  it  prevents  incrustation 
of  the  latter,  and,  moreover,  dispenses  with  the  necessity  of  blow* 
ing  off.  Its  air-pump  absorbs  a  much  smaller  proportion  of  the 
power  of  the  engine,  and  its  functions  require  less  personal 
attention.  Stimulated  by  these  considerations  several  attempts 
were  made  to  improve  on  Homblower^s  invention,  but  since  all 
these  improvements  partake  very  much  of  the  same  character,  it 
is  thought  sufficient  for  the  present  purpose  to  mention  only 
Hallos  Condenser,  which  has  obtained  the  greatest  amount  of 
notoriety.  It  consists  of  two  flat  chests,  or  close  chambers,  which 
are  connected  together  by  means  of  a  large  number  of  brass  tubes, 
through  which  the  condensing  steam  circulates.  These  tubes 
are  surrounded  by  cold  water,  which  fills  up  the  space  between 
Hie  flat  chests.  A  small  air-pump  removes  the  condensed  water 
and  air  from  the  lower  chest.  The  great  weight  and  costliness 
of  this  Condenser,  its  liability  to  derangement,  and  the  im- 
possibility  of  removing  the  calcareous  deposit  of  the  water  from 
the  tubes,  without  taking  the  whole  fabric  to  pieces,  are  found  to 
be  heavy  practical  objections. 

In  the  year  1847,  the  author  had  occasion  to  apply  a  Surface 
Condenser,  in  a  situation  where  economy  of  space  and  material 
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were  essential.  In  ^omsideriDg  the  most  rationsi  distribuUon 
»f  surfaces,  he  happened  to  find  an  Yixangement  which,  with 
less  than  one  half  the  amount  of  materud  used  in  Hall's  Con- 
lenser,  produced  a  rerj  satis^Mtory  result,  and  whidi  paved  the 
w%j  to  the  more  in^portant  improTement  which  forms  the  prm- 
sipal  subject  of  this  paper. 

The  Surface  Condenser  referred  to,  (see  Figs  4  ft  6,  Plate  40,) 
K>nslsts  of  a  number  of  copper  plates,  of  i  inch  thidmesa,  and  about 
li  inches  broad,  by  2  feet  long,  which  are  fixed  together  by  two 
ongitudinal  flattened  wires,  of  the  same  metal,  between  the 
djaoent  plates ;  and  the  whole  pile  is  screwed  up  tight  together 
between  the  sides  of  a  rectangular  cast-iron  vessel,  which  con- 
titutes  the  body  df  the  Condenser.  The  ends  of  the  plates 
>roject  through  the  top  and  bottom  of  the  Condenser,  and  are 
>laned  flush  with  its  exterior  surfaces.  The  joints  at  top  and 
ottom  are  secured  by  means  of  India-rubber  rings,  which  are 
crewed  down  under  small  cast-iron  frames,  and  yield  to  the 
ifference  of  aqpansion  between  the  two  metals.  The  flattened 
rires  are  laid  parallel,  abont  8  indies  apart  firom  each  other,  and 
>rm,  with  the  plates,  a  large  number  of  narrow  passages,  through 
rhich  the  cold  condensing  water  flows  in  an  upward  direction, 
ithout  entering  the  vacuous  space  of  the  Condenser,  into  which 
[ie  edges  of  the  plates  outside  of  the  flattened  wires  project, 
>rming  the  condensing  surfiuses. 

The  roHanali  of  this  Condenser  is  as  follows : — 

The  transmission  of  heat  in  a  Surface  Condenser  is  three-fokL 

1.  From  the  condensing  steam  to  the  internal  metal  sur&ces. 

d.  From  the  internal  surfaces,  through  the  body  of  the 
letal,  to  its  external  surfiEtces. 

8.  From  the  external  surfaces  to  the  surrounding  water  by 
rhich  it  is  carried  off. 

The  first-named  operation  (condensation)  would,  it  is  pre- 
umed,  proceed  with  undefined  rapidity,  if  it  were  not  retarded 
y  the  second  and  third,  or  by  the  presence  of  some  permanent 
ases,  which  accumulate  on  the  condensing  surfaces,  and  prevent 
ieii  immediate  contact  with  the  steam.  The  second  (conduction) 
mes  in  direct  proportion  with  the  conducting  power  of  the 
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metal,  and  with  its  thickness;  but  the  conducting  power  of 
copper  is  so  great,  that  its  thickness  seems  to  exercise  no  appre- 
ciable influence  on  the  amount  of  heat  transmitted  in  a  given 
time.  This  interesting  fact  is  proved  by  Dr.  lire's  experiment 
with  two  copper  pans,  of  the  same  internal  area,  but  very  unequal 
thicknesses  of  bottom,  (being  in  proportion  as  1  to  12,)  which 
were  both  filled  with  water,  and  dipped  into  a  hot  solution  of 
muriate  of  lime.  It  was  found  that  the  water  in  the  thick  pan 
evaporated  the  quickest,  which  may  be  accounted  for  by  its 
slightly  increased  external  surface  in  contact  with  the  heating 
solution ;  and  this  affords  additional  evidence  that  the  limit  of 
transmission  does  not  lie  within  the  metal,  but  rather  between 
the  metal  surface  and  the  liquid.  That  the  absorption  of  the 
heat  by  the  water  is  a  slow  process,  may  be  inferred  from  the 
circumstance  that  water,  although  possessing  a  large  capacity  for 
heat,  is  a  very  bad  conductor,  and  depends  for  its  power  to 
absorb  heat  on  the  slow  circulation  over  the  heating  surface, 
caused  by  the  inferior  specific  gravity  of  the  heated  particles  of 
water.  A  strong  artificial  current  along  the  heating  sur&ces 
greatly  accelerates  the  process. 

The  Sur£Eu;e  Condenser,  above  described,  was  arranged  in 
accordance  with  these  observations. 

It  contains  : — Heat-absorbing  sur£eu!es,(by  the  water,)  18  sq.  feet 
per  horse-power;  condensing  surfaces,  9  sq.  feet  per  horse- 
power ;  computed  mean  thickness  of  metal  through  which  the 
heat  is  transmitted,  1^  inch;  weight  of  copper,  60  lbs.  per  horse- 
power ;  space  occupied  by  plates,  0.4  cubic  feet  per  horse-power; 
about  one  tenth  part  of  the  space  occupied  by  the  tubes  in  the 
Tubular  Condenser. 

The  essential  features  of  this  Condenser  are,  its  comparative 
cheapness  of  construction,  and  the  easy  access  which  it  affords 
to  the  water  channels  between  the  plates. 

It  also  requires  less  condensing  water  than  previous  SuHIbu^ 
Condensers,  in  consequence  of  the  repeated  and  close  contact  in 
which  each  particle  is  brought  with  the  heating  surfaces,  before 
it  can  reach  the  upper  reservoir,  or  hot-well.  The  author 
considers  that  the  Surface  Condenser  just  described  may  be 
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itageously  applied  to  marine  Engines,  and  being  not  subject 
)atent,  he  hopes  it  will  receive  a  sufficient  trial. 
Ing  required  to  save  the  waste  steam  of  a  low-pressure 
le,  in  the  form  of  slightly-heated  water,  by  Mr.  John 
sun,  of  Manchester,  the  author,  in  the  spring  of  1847,  con- 
l  the  idea  of  a  Eegenerative  Condenser.  Figs.  4  and  5, 
40,  show  his  first  arrangement,  which  may  be  termed  a 
lerative  Surface  Condenser.  It  consists  of  a  revolving 
B,  which  admits  the  waste  steam  of  the  Enguie  first  to  the 
iphere,  at  C,  and,  successively,  into  the  separate  compart- 
},  D,  E,  F,  G,  where  it  is  condensed  at  various  densities. 
K>ld  water  enters  at  H,  and  first  passes  between  the  plates 
1  the  last  compartment,  and  by  degrees  through  those 
1  the  first  compartment,  where  the  steam  is  of  nearly 
ipheric  pressure,  and  consequently  heats  the  water  to 
r  212<*  Fah.,  when  it  passes  out  at  I. 
e  next  step  was  an  Injection  Condenser,  on  the  same  prin- 
as  represented  by  Fig.  6. 

e  revolving  valve,  B,  admits  the  waste  steam  of  the  Engine, 
to  the  atmosphere,  at  C,  and  then  successively  into  the 
Ette  compartments,  D,  E,  F,  G,  where  it  is  condensed  ^t 
IS  densities.  The  cold  water  is  injected  at  H,  and  is  passed 
through  the  steam  in  each  compartment  in  succession,  by 
s  'of  the  displacing  pistons,  K  K,  which  work  all  on  the 
piston  rod  through  each  of  the  divisions  between  the  com- 
lents ;  and  the  heated  water  passes  out  at  the  bottom,  at  I. 
Li  are  overflowing  distributing  trays,  for  the  purpose  of 
ing  the  water  more  rapidly  and  completely  in  contact  with 
beam.  M  is  a  small  pump  to  extract  the  air  that  is  mixed 
the  steam  and  water. 

le  Regenerative  Condenser,  in  its  present  form,  partakes  of 
ature  of  both  the  Surface  and  Injection  Condensers, 
bempts  have  been  made,  from  time  to  time,  to  condense  the 
1  of  a  high-pressure  Engine,  without  the  aid  of  an  air-pump, 
owing  the  steam  into  a  small  Injection  Condenser,  which 
)vided  with  a  large  exhaust  valve, 
is  clear  that  the  steam  of  high  pressure  will,  at  first,  par- 
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tiill/  blow  (broti^  the  (MtiddttsM*,  md  irid  it  of  iti  lUr  ftkl  em* 
densing  water«  ftfid  thai,  by  d^gro^i  thd  jet  6f  cold  trat«if  will 
OTOfpow^f  the  iMux  of  dteatt,  sod  consequently  ptdduce  a 
Yftduum.  An  arrangement  of  this  description,  although  iimple, 
in  At  least  very  imperfect,  because  it  is  a  mlitter  of  con^derftbltf 
difficulty  so  to  proportion  the  injection  of  Cold  water,  that  the 
first  msh  of  steam  is  not  forthwith  condensed,  but  may  Mert  its 
expansitiC  force  in  a  CoH  vessel,  and  yet,  an  instant  afterwards, 
effect  a  complete  condensation  of  the  remtaning  steam. 

If  too  much  water  be  need,  the  air  and  water  will  not  be  et- 
pelled,  and  consequently  no  vacuum  be  formed ;  if  too  litUe,  no 
final  Condensation  will  take  place. 

The  quantity  of  injection  water  must  be  rery  large,  becsnse 
the  whole  of  the  steam  has  to  be  condensed ;  and  having  to 
complete  the  condensation  in  the  same  vessel,  it  mnst  leave  it 
at  a  low  temperature. 

The  principle  of  the  Regenerative  Condenser  has  been  carried 
still  further  in  the  Regenerative  £!ugine,  which  has  been  exe- 
onted  on  a  large  scale  by  Messrs.  Fox,  Henderson,  and  Co., 
tinder  the  superintendence  of  the  author.  In  it,  the  steam,  after 
it  has  served  to  propel  the  working  piston  to  the  end  of  its 
Stroke,  is  received  into  k  Series  of  consecutive  chambers,  firom 
which  it  returns  to  the  working  cylinder  an  indefinite  number 
of  times. 

On  a  fiiture  occasion,  the  author  will  be  glad  to  bring  the 
parlaculars  of  this  Engine  befbre  the  Institution. 

Table  of  the  Pressure  of  the  Vapour  of  Water,  from  the 
Freezing  to  the  Boiling  pomt 
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be  required.  It  would  then  fetom  to  the  tender  in  pipes,  between 
which  air  was  caused  to  circulate  by  means  of  the  rapid  motion 
of  the  engine. 

The  Chairman  observed,  that  there  would  be  difficulty  in 
keeping  the  water  of  the  tender  cool  enough  for  condensing, 
when  there  was  very  little  left  in  the  tender ;  and  the  water 
remaining  at  the  end  of  the  journey,  would  be  very  hot  and 
nearly  boiling. 

Mr.  Siemens  replied,  that  he  expected  the  condensing  water 
would  be  cooled  down  to  about  200%  before  it  was  returned  to 
the  tender,  by  the  process  of  passing  through  the  pipes  of  the 
refrigerator,  from  the  rapid  motion  of  the  engine  through  the 
air ;  and  the  water  was  not  required  to  be  so  cold  as  in  the 
ordinary  condenser,  as  only  the  last  portion  of  the  steam  was 
condensed  by  injection. 

Mr.  GowPER  observed,  that  only  a  small  portion  of  the  steam 
reached  the  injection  water,  the  greatest  portion  being  condensed 
previously,  by  the  metallic  plates,  or  discharged  into  the  atmos- 
phere ;  therefore  the  injection  water  might  be  about  the  same 
temperature  as  it  usually  came  from  the  ordinary  condenser. 
Also,  the  tender  would  not  get  empty  so  soon  as  usual,  because 
a  portion  of  the  steam  was  condensed  and  returned  back  into 
the  tender,  instead  of  the  whole  being  blown  up  the  chimney : 
this  gain  might  amount  to  one  third  of  the  water  employed. 

Mr.  Siemens  showed,  by  a  comparative  indicator  diagram, 
that  with  the  application  of  the  condenser  to  a  locomotive 
engine,  the  steam  might  be  cut  off  at  about  one  third  of  the 
stroke,  instead  of  at  two  thirds  as  usual,  and  thereby  a  saving  of 
one  half  the  steam  would  be  effected,  with  the  same  power. 

The  Chairman  said,  the  subject  of  the  application  to  loco- 
motive engines  was  one  of  great  importiince,  and  he  hoped  it 
would  be  brought  before  the  Institution  in  another  paper.  He 
proposed  a  vote  of  thanks  to  Mr.  Siemens,  for  his  paper,  which 
was  passed. 

The  following  paper,  by  Mr.  Archibald  Slate,  of  Dudley,  was 
then  read : — 
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L  NEW  BLOWING  ENGINE,  WOEKING   AT  HIGH 
VELOCITIES. 

brmer  meeting,  the  writer  laid  before  the  Institution  the 
»ns  which  he  entertained  on  the  subject  of  Blowing  Cylin- 
proposed  to  be  driven  at  high  velocities,  concluding  that 
would  result  thereby  a  large  economy  in  the  manufacture 
1  throughout  the  entire  plant  and  appliances  of  this  indis- 
ble  machine.  (See  Report  of  Proceedings,  July,  1850.) 
^as  observed  in  the  former  paper  that,  since  the  applicatibn 
double-acting  movement,  introduced  some  fifteen  years  ago, 
owing  Cylinder  has  remained,  up  to  the  present  time,  without 
Le  other  essential  improvement.  As  left  at  that  period,  it 
Lues  a  large  and  cumbrous  machine,  with  complicated  and 
motion  ;  insomuch  that  the  light  and  elastic  body  of  the 
phere  is  driven  through  at  no  higher  velocity  than  the 
ponderous  body,  water,  can  be  passed  through  an  ordinary 
.  While  the  motive  power  was  derived,  in  most  instances, 
a  waterfall,  there  might  indeed  be  alleged  some  semblance 
reason  for  the  slow  motion  that  has  been  spoken  of; 
igh,  even  in  such  circumstances,  it  is  but  little  conceivable 
he  intervention  of  machinery,  to  quicken  the  passage  of 
ghter  and  elastic  medium,  should  so  long  have  remained  a 
3ratimi.  But  the  question  becomes  infinitely  more  inez- 
►le,  since  the  motive  power  employed  has  in  almost  every 
ice  been  steam,  itself  a  medium  in  the  highest  degree  light 
lastic ;  capable,  at  the  same  time,  of  being  worked  under  a 
are,  and  at  a  velocity,  far  beyond  anything  required  at 
Dt,  or  that  probably  ever  will  be  required  of  the  air  firom  a 
ing  Cylinder. 

:h  Ueing  the  facts,  and  contemplating  the  power  and  speed 
lod  on  the  Railway  by  Locomotive  Engines,  the  writer  was 
\  reflect  that  a  similar  power  was  at  least  capable  of  being 
3d  to  the  Blowing  Cylinder ;  and,  while  impressed  with 
rain  of  thought,  he  had  occasion,  in  the  latter  part  of  the 
1848,  to  make  use  of  some  small  9-inch  cylinders,  driven  by  air 
a  larger  Blowing  Engine.     It  was  then  remarked  that 
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these  small  Engines,  when  driving  shafts  only,  sometimes  at- 
tained a  y«loeity  of  dOO  rerolniions  per  mhinte,  under  the  ordi- 
nary hlast  pressure ;  when  the  idea  suggested  itself,  that  it  might 
be  possible  to  reverse  their  motions,  making  tb^n  Blowing 
Cylinders  in  place  of  Air  Engines ;  and  this  idea,  on  being 
tested^  tamed  out  to  be  correct. 

The  cylinder  e:sp6rimented  on  was  of  9  inches  diaiaetor« 
and  one  foot  stroke,  and  being  driven  at  the  rate  of  BW  revola* 
tions  per  minute,  discharged  the  air  at  3^  lbs.  per  aquare  iodi» 
through  a  tuyere  of  Uth  inch,  being  exactly  ^th  part  of  the 
area  of  the  blowing  piston.  This  performance  exceeds,  as  is  well 
known,  by  double  its  amount,  that  of  any  ordinapry  Engine ;  the  total 
area  of  (he  tuyeres,  with  a  90-inch  Blowing  Cylinder,  at  a  pras- 
flura  of  di  lbs,,  being  about  i50  circular  inches,  which  is  only 
iJ^ih  part  of  the  area  of  the  Blowing  Cylinder. 

Assured  by  the  complete  success  of  this  experiment*  the 
writer  proposed  to  construct  a  Steam  and  a  Blowing  Cylinder 
of  two-feet  stroke;  the  cylinder  for  steam  to  be  of  10  inches 
diameter,  and  that  for  blast  of  30  inches;  and  to  couple 
them,  if  necessary,  with  a  second  and  similar  set,  acting 
«t  right  an^es  upon  a  common  axle;  and  he  is  still  of 
opinion  ihat  such  would  probably  prove  the  best  arrangement, 
as  well  aa  the  best  proportions  to  observe  in  construction.  (See 
Plate  11,  in  Proceedings,  July,  1850.) 

But  in  the  actual  experiment,  the  cylinders  proposed  to  be  placed 
at  right  angles  have  not  yet  been  constructed.  The  size  of  that 
used,  owing  to  peculiar  circumstances,  has  been  considerably 
enlarged.  In  1860,  finding  that  more  air  was  required  for  ihe 
manufacturing  piuposes  to  which  it  was  applied,  the  writer  and 
Mr.  Cochrane  (his  partner)  resolved  to  make  a  Blowing  Cylinder 
of  such  a  size  as  would  practically  teat  the  question  of  high 
velocities ;  and  a  Steam  Engine,  having  a  Cylinder  of  14  inches 
diameter,  being  ready  at  hand,  was  fitted  with  a  40-inGh  Blowing 
Cylinder,  and  to  this  Engine  the  further  remarks  have  reference. 
The  stroke  is  %  feet ;  the  total  weight  of  the  Engine  about  6  tons ; 
the  boiler  made  use  of  weighed  3  tons,  13  cwt ;  its  length  over 
all  is37  fset,  baring  «gg  ends ;  iia  diameter  4  teei. 
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flnt  set  at  oxperimento  wefe  nutdd  in  prB9dnc4  of  Mr* 
Mr.  McCocmell,  Mr.  Daniel  G«ocfa,  Mr.  Geach,  Mr.  Erers, 
ehrftne,  tend  aereral  other  gentlemen  who  took  an  intereei 
proceedings,  which  were  of  the  following  nature, 
he  outlet  pipe  were  placed  foor  tuyeres ;  two  of  them  2} 

diameter,  and  the  remaining  two  d  inches  diameter,  ail 
g  into  the  open  air.  The  Engine  being  run  up  to  its  fall 
f^  Temctked  U5  strokes  per  minute.  At  this  rate,  the 
^  of  the  air  issuing  from  the  four  tujeres  approached 
to  5  lbs.  per  inch,  the  Engine  remaining  perfectly  noise- 
id  steady,  and  the  blast  being  so  continuous  and  regular^ 
te  mercury  in  the  barometer  did  not  yary  more  than  ^th 
ncb^^in  fact,  continued  barely  living  in  the  tube. 
xrietf  of  minor  experiments  followed,  not  necessaiy  to  be 
upon  at  present ;  but  it  is  beliered  perfectly  warrantable 
e,  as  the  result,  that  each  person  present  felt  convinced 
e  had  seen  exhibited  a  Blowing  Machine  of  at  once  a 
fol,  cheap,  and  efficacious  character. 
LOUgh  the  experiments  thus  detailed  were  of  the  most 
ctory  description,  and  indeed  had  exceeded  every  expeo- 

of  a  first  performance,  the  writer  nevertheless  felt  con* 
i,  from  observation  of  the  working,  that  the  steam  mi^t 
Qsiderably  economised ;  and  before  proceeding  to  apply  it 
iial  use,  resolved  to  fit  the  engine  with  an  adjusting  ex- 
e  valve,  by  which  such  economy  might  be  realised.  When 
id  been  fitted,  and  the  requisite  attachments  made,  its  full 
ement  of  blast  was  thrown  into  one  fm-nace,  viz. :  3600 
feet  of  air  per  minute  ;  the  pressure  of  the  air  in  the  main, 
upon  the  engine,  was  a  little  in  excess  of  3  lbs.  to  the 

at  the  tuyeres  on  the  furnace,  it  was,  if  anything,  rather 

3  lbs. :  but  this  slight  discrepancy  probably  took  its  origin 
the  tortuous  character  and  length  of  the  main,  which  ex- 
l  300  feet ;  a  circumstance  which  it  was  found  impossible 
jid,  without  leaving  out  of  consideration  the  objects  to 

the  new  blowing  power  is  ultimately  to  be  applied, 
e  Engine,  during  the  trial,  varied  from  96  to  100  strokes 
inute.    The  steam  from  the  one  small  boiler,  d7  feet  by  4, 
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remained  full  and  sufficient  for  this  work,  after  the  Engine  had 
worked  every  day  for  nearlji  a  month,  and  had  heen  seen  hy  Mr. 
Benj'i  Gihhons,  and  several  other  persons  connected  with  the 
iron  trade.  An  opportunity  again  occurred  of  trying  it  upon 
one  furnace,  with  the  same  result  as  ahove;  this  last  experi- 
ment was  made  in  the  presence  of  Mr.  Samuel  Blackwell.  With 
regard  to  fuel,  on  a  subsequent  trial,  while  working  in  con- 
nection with  a  larger  Blowing  Engine  of  the  ordinary  sort,  deli- 
vering into  the  mains  3000  cubic  feet  of  air,  at  a  density  of  SJ  lbs. 
to  the  inch,  it  was  found  to  amoimt,  by  measurement,  to  2  tons 
6  cwt.  of  small  refuse  coal,  or  slack,  in  twelve  hours. 

Although  the  writer  does  not  present  the  arrangement  of  the 
Engine,  here  given,  as  a  perfect  machine,  he  can  entertain  no 
doubt  that  the  development  of  the  principle  must  greatly  stimu- 
late the  production  of  iron.  It  will  be  perceived  how, 
by  the  use  of  Blowing  Machines,  working  at  high  velocities,  the 
expense  of  plant  and  machinery  for  blowing  a  furnace  may  be 
reduced,  at  the  rate  of  65  per  cent.,  from  what  it  stands  at 
present;  or,  to  one  third  of  the  present  amount.  The  above- 
mentioned  experiments  at  Woodside  have  proved  such  Engines 
to  be  adequate  to  as  large  a  class  of  works  as  exist  in 
Staflfordshire.  Their  simplicity  and  portable  character  make 
them  equally  available  at  the  smallest  charcoal  furnaces,  in  how- 
ever remote  a  quarter  there  might  be  occasion  for  their  use. 


Mr.  MiDDLETON  inquired,  whether  the  blast  from  the  small 
engine  went  direct  to  the  furnace,  or  through  a  reservoir  ? 

Mr.  Slate  said,  they  had  a  receiver,  12  by  4  feet ;  but  in  the 
experiment  with  one  fiimace,  when  the  other  was  in  repair,  they 
let  it  blow  through  the  whole  of  the  large  air  main. 

Mr.  MiDDLETON  said,  that  he  remembered  the  late  Mr. 
Murdock  worked  a  similar  blowing  engine  at  Soho,  twenty-five 
years  ago;  it  was  direct-acting,  and  the  only  difference  was 
that  it  had  a  D  valv^,  and  worked  at  a  slower  velocity  than 
Mr.  Slate's  engine. 

The  Chairman  said,  he  had  a  similar  blowing  engine  in 
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ur  work  at  Wolverton,  only  working  vertically  instead  of 
mtally ;  bat  his  engine  only  made  from  fifty  to  sixty  strokes 
innte,  while  that  now  under  description  performed  one 
-ed  and  thirty  in  the  same  time.  This  gave  the  blowing 
B  of  Mr.  Slate  a  great  advantage,  and  was  its  distinctive 
e  ;  the  great  gain  was  in  the  high  speed  employed. 
,  Davies  observed,  that  Mr.  Slate's  engine  could  give  a 
r  blast  for  a  furnace,  with  full  pressure,  which  Mr. 
ock's  engine  could  not  do. 

.  Slate  remarked,  that,  though  Mr.  Murdock's  engine 
>een  at  work  at  Soho  for  the  period  stated,  no  further 
)ss  had  been  made  in  the  construction  of  the  blast  engine; 
Soho  they  still  continued  to  make  only  the  old  ponderous 

.  MiDDLBTON  said,  it  had  been  applied  at  the  smithy  at 
^ch,  and  had  been  at  work  there  for  many  years.     He 
ht,  though  Mr.    Slate's  engine  was    different  in  some 
Its,  it  was  similar  in  principle  to  Mr.  Murdock's. 
.  W.  Smith  was  quite  satisfied  that  Mr.  Slate's  engine 

maintain  a  constant  blast  for  a  furnace.  He  had  seen 
furdock's  engine  at  work  ;  it  was  an  open- top  cylinder, 
as  quite  another  kind  of  engine.  He  thought  that  Mr. 
3  plan  of  blowing  engines  was  an  important  advantage 

saving  of  expense  in  the  erection  of  iron  works,  and  he 
ed  that  a  blowing  engine  could  now  be  erected  for  £500 
It  plan,  as  well  as  one  on  the  old  plan  for  £1500,  to  do 
me  work. 

9  Chairman  thought  that  Mr.  Slate's  engine  was  certainly 
ring  of  approbation,  and  he  hoped  that  he  would  con- 
his  investigation  of  the  subject,  as  any  improvement  or 
my  in  the  manufacture  of  iron  was  of  great  importance, 
^ote  of  thanks  was  passed  to  Mr.  Slate  for  his  communi- 

L. 

9  following  paper,  by  Mr.  E.  A.  Cowper,  of  Birmingham, 
len  read  : — 
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ON  AN  IMPEOVED  MODE  OF  MOULDING  RAILWAY 

CHAIRS. 

In  laying  before  the  Institution  a  short  account  of  a  new  mod 
of  casting  Railway  Chairs,  it  is  thought  that  no  apology  i 
necessary  for  the  introduction  of  such  an  apparently  dry  matte] 
of  detail,  as  it  has  ever  been  the  great  aim  and  object  of  thii 
Institution  to  thoroughly  discuss,  and,  as  far  as  possible,  pasi 
a  sound  practical  judgment  on,  mechanical  inventions  affectinj 
the  interests  of  the  public  generally. 

The  improved  mode  of  casting  Railway  Chairs  is  confidently 
submitted  to  the  judgment  of  the  members ;  and  as  the  inventioi 
is  simply  a  cheaper  mode  of  producing  better  ctuHngs,  it  may  b4 
described  in  a  very  few  words. 

The  importance  of  a  Railway  Chair  being  a  strong,  aeeurate 
and  sound  casting,  must  at  once  be  apparent  to  every  mechaoica 
man ;  and,  indeed,  it  is  probable  that  the  minority  of  the  mem- 
bers present  have  travelled  over  many  hundred  thousand  chain 
during  the  past  week,  the  failure  of  any  one  of  which  might 
have  been  attended  with  most  serious  consequences. 

Now,  if  it  can  be  shown  that,  in  addition  to  producing  a  more 
perfect  casting,  it  can  be  done  at  a  cheaper  rate  than  usual,  it  is 
presumed  that  the  new  mode  may  be  considered  an  improved 
method  of  casting  Railway  Chairs. 

On  referring  to  the  engraving,  (Plate  40,)  it  will  be  seen 
that  A  A,  in  Fig.  1,  is  the  iron  pattern;  and  it  is  necessary 
iere  to  observe,  that  the  inside  of  the  pattern  is  not  the 
shape  of  the  intended  Chair,  but  the  edges  of  the  jaws  are 
provided  to  receive  cast-iron  chill-plates,  B  and  C,  which 
ire  made  so  as  to  give  the  required  form  to  the  inside  of  the 
sasting.  These  chill-plates  are  dotted  in  Fig.  1,  and  they  are 
hown  separately  in  Figs.  2  and  3,  and  in  section,  in  Fig.  4. 

The  pattern  being  placed  in  the  moulding  box,  as  shown  in 
^'ig.  1,  the  chill-plates  are  placed  therein,  one  in  contact 
nth  each  jaw  of  the  pattern.  The  sand  is  now  thrown  into  the 
>ox,  and  some  of  it  is  rammed  between  the  chill-plates,  thus 
iffectually  securing  their  close  contact  with  the  pattern;    the 
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Gunder  of  the  sand  is  then  rammed  in,  until  the  box  is  full. 

box  and  its  contents  are  then  turned  upside  down,  in  the 
il  way ;  the  pattern  is  slightly  rapped,  and  then  withdrawn, 
leans  of  a  screwed  lifting-pin ;  the  chill-plates  being  left  in 
sand,  forming  a  good  guide  to  the  pattern  as  it  is  withdrawn. 

top  box  is  then  put  on,  having  previously  been  rammed  up 
mother  board,  technically  called  an  "  odd- side  board ;"  the 
ed  metal  is  then  poured  in,  and  the  casting  is  complete.   As 

as  the  metal  has  thoroughly  set,  the  casting  may  be  turned 
and  the  chiU-plates  will  drop  oiU  of  themselves.  The  finished 
•  is  shown  in  Fig.  6,  and  D  D  are  the  two  portions  that  are 
in  the  chills,  B  and  C. 

le  box  exhibited  to  the  meeting  has  been  rammed  up  in  the 
ler  described — the  chill-plates  may  be  clearly  seen,  firmly 
dded  in  the  sand ;  and  it  is  remarkable  what  great  force  is 
iBBTj  to  displace  them. 

le  chill-plates  are  simply  good  castings,  made  from  an  iron 
m,  and  are  not  filed  up,  or  fitted  in  any  way,  as  the  iron 
m  of  the  Chair  is  fitted  to  them,  and  the  metal-chills  being 

17  pressed  by  the  sand  against  the  metal  pattern,  great 
-acy  is  obtained  in  the  position  of  the  chills  ;  indeed,  it  is 
y  rare  thing  for  the  shape  or  inclination  of  the  jaws  of  the 
r  to  vary  anything  like  ind  of  an  inch ;  therefore,  when  the 
ght-iron  rail  is  placed  within  the  Chair,  the  correct  inclina- 

18  accurately  given  to  it ;  and  if  the  rail  be  true,  the  Chairs 
yt  be  winding,  or  out  of  parallel  with  each  other. 

is  found  that  the  chill-plates  stand  exceedingly  well,  and  in 
oany  himdred  tons  may  be  cast  oflf  one  set  of  them ;  this 
rtly  owing  to  their  not  being  very  thick,  so  that  they  soon 
ot  through,  and  do  not  strain  or  warp  at  all ;  the  Chairs  are 
)d  just  sufficiently  to  give  a  good,  true  face,  but  are  not 
id-in  very  deep,  in  consequence  of  the  chill-plates  not  being 
lihiek,  and  the  Chairs  themselves  containing  a  large  quan. 
f  metal. 

.  this  plan  of  casting  Chairs,  boys  only  are  employed  for 
iing,  as  the  great  ease  and  safety  with  which  the  pattern  is 
jrawn   entirely  does  away  with  the  necessity   of    regular 
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moulders   being    employed ;   thus   the   cost  of  manufacturing 
Railway  Chairs  is  brought  to  a  minimum. 

In  conclusion,  it  may  be  stated  that  many  thousand  tons  have 
already  been  cast  on  this  plan,  and  that  it  bids  fair  to  be  uni 
versally  adopted. 


Mr.  CowpER  exhibited  specimens  of  the  chairs  and  the  pat- 
terns, and  the  process  of  moulding.  He  said  that,  by 
that  process  of  casting,  there  were  scarcely  any  wasters  made, 
not  more  than  one  in  five  hundred,  which  effected  a  great 
saving  in  the  expense. 

Mr.  Slate  said,  the  plan  proposed  was  unquestionably  very 
simple  and  ingenious,  and  one  which  any  boy  might  easily  be 
taught  to  understand.  He  wished  to  ask  Mr.  Cowper  what  he 
considered  the  saving  in  expense  would  be,  by  his  plan  ? 

Mr.  Cowper  observed,  that  none  but  boys  were  employed  in 
the  moulding  of  the  chairs.  The  saving,  he  considered,  in  an 
ordinary  way,  would  be  about  four  shillings  per  ton. 

Mr.  MiDDLETON  enquired,  what  was  the  difference  in  the 
plan  of  casting  chairs  from  that  of  Messrs.  Ransome  and  May  ? 

Mr.  Cowper  explained,  that  their  plan  was  to  have  an  iron 
plate  or  chill  fitting  the  side  of  the  box,  and  the  chill-block 
fixed  into  that  by  a  small  dovetail.  This  block  had  to  be 
driven  out  before  the  chair  cooled,  and  the  chairs  sometimes 
were  strained  by  the  contraction  before  the  block  could  be  got 
out,  and  were  broken  or  injured ;  but  in  his  plan  there  was  no 
strain  in  cooUng.  Also,  his  plan  ensured  the  inclination  of 
every  chair  being  quite  correct,  because  the  chill-plates  were 
held  so  firmly ;  but  in  that  of  Messrs.  Ransome  and  May,  there 
was  a  degree  of  uncertainty  in  the  inclination,  firom  the  block 
being  held  only  at  the  side.  He  might  mention,  that  they 
h  id  so  far  approved  of  his  plan  as  to  arrange  for  adopting  it  in 
tlieir  manufacture.     His  chair  could  be  made  perfectly  parallel 
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Council  : 
{Five  of  the  number  to  be  elected.) 
James  Brown,  Birmingham. 
P.  R.  Jackson,  Manchester. 

*  Matthew  Kirtley,  Derby. 

*  James  Kitson,  Leeds. 
John  R.  McClean,  London. 

*  Richard  Peacock,  Manchester. 

*  R.  B.  Preston,  Liverpool. 

*  John  Ramsbottom,  Manchester. 
Thomas  Richards,  Worcester. 
Thomas  Walker,  Wednesbury. 

Treasurer : 

•  Charles  GeAch,  M.P.,  Birmingham. 

Secretary : 

*  William  P.  Marshall,  Birmingham. 

(The  Officers  for  the  present  year  are  marked  thus  *.) 

No  other  names  having  been  added  by  the  Meeting,  the  above 
t  \vas  adopted. 


The  following  paper,  by  Mr.  James  A,  Shipton,  of  Man- 
ester,  was  then  read : — 

^  THE  DIRECT  CONVERSION  OF  RECTILINEAR  INTO 
CIRCULAR  MOTION  IN  THE  STEAM  ENGINE. 

The  years  that  have  elapsed  since  the  Steam  Engine  was  first 
nerally  introduced  as  a  prime  mover,  and  the  few  alterations  that 
ve  taken  place,  notwithstanding  the  many  threatened  invasions  of 
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iriety  of  ingenious  inventions,  must  lead  to  the  reflection  ths 
J  a  master  mind  could  have  combated  with  the  difficulties  tha 
^t  such  an  undertaking,  and  have  sent  it  forth  to  the  world  in  s 
*ect  a  form  ;  the  unskilled  hand  of  the  workman  being  the  onl 
?7back  from  its  being  then  what  it  is  now. 
The  costly  work  of  the  various  parts  subjected  to  immense  strair 
also  to  the  searching  and  penetrating  action  of  steam,  depended 
i  entirely  upon  the  manual  dexterity  employed,  and  therefor 
machinery  of  the  Steam  Engine  was  required  to  be  of  the  mos 
pie  form  to  place  it  within  the  reach  of  even  the  most  opulent 
as  its  use  and  value  presented  itself  to  the  country  at  large,  s 
development  of  machinery  took  place  to  meet  the  demEinds  o 
nanufacture ;  and,  though  it  must  be  acknowledged  that  the  sam 
d  that  brought  the  Steam  Engine  into  commercial  operation 
templated  also  the  reduction  of  its  cost,  by  the  use  of  self-actiuj 
ihinery  in  the  production  of  its  parts,  yet  the  task  of  bringiuj 
ti  into  operation  has  been  nearly  as  arduous  as  the  former  one 
at  the  mechanic  would  then  have  looked  upon  as  an  impossibility 
ow  perfectly  simple,  and  the  cost  in  comparison  trivial. 
That  the  principle  of  the  ordinary  Steam  Engine  as  regards  th< 
procating  action  of  the  steam  cannot  be  improved,  is  th< 
lor's  opinion ;  but  also  that  its  mechanical  construction  may  b 
serially  altered,  and  improvements  effected  in  this  respect,  owinj 
he  many  advantages  possessed  at  the  present  time  of  having  tool 
neet  every  requirement;  the  rapid  progress  made  in  this  brand 
mechanical  science  having  placed  the  Steam  Engine  in  it 
sent  commercial  position. 

The  subject  of  the  present  paper  is  the  "  Direct  Conversion  o 
;tilinear  into  Circular  Motion,"  and  also  brings  under  notice  \ 
am  Engine,  not  deviating  in  principle  from  the  ordinary  recipro 
mg  engine,  but  simply  in  its  construction ;  as  the  inventors  fee 
vinced  the  nearer  they  approximate  to  the  original  the  less  liabL 
y  will  be  to  err.  The  diagram.  Figure  1,  Plate  42,  represents  i 
ton  and  crank  engine  of  ordinary  construction,  and  although  th( 
)le  area  of  the  piston  be  exposed  to  the  pressiu'e  of  the  stean 
jughout  the  stroke,  (supposing  the  valve  be  kept  open,)  ther 
certain  points  when  this  pressure  is  useless,  namely,  when  thi 
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Emk  is  on  the  centre;  tbu8,  the  circular  motion  of  the  crank 
stricts  the  piston  &om  exerting  its  fiill  force  with  regard  to  that 
rcular  motion,  and  therehy  the  velocity  of  the  piston  is  constantly 
lying  throughout  the  stroke,  as  also  the  power  exerted  and 
e  steam  consumed  in  like  proportion.  Thus  the  actual  power 
:erted  is  the  average  velocity  of  the  piston  multiplied  hy  the 
'essure. 

Now,  an  eccentric  heing  a  mechanical  equivalent  for  a  crank,  if 
te  area  of  the  piston  of  Fig.  2  be  equal  to  the  area  of  the  piston 
Fig.  1,  and  the  throw  of  the  eccentric,  B,  equal  to  the  stroke  of 
e  crank.  A,  they  are  of  like  power. .  Then,  by  altering  the 
echanical  arrangement,  as  in  Fig.  3,  and  placing  a  piston  at  top 
id  bottom  of  the  eccentric,  or,  in  other  words,  placing  the 
icentric  in  a  large  piston,  the  area  of  piston  and  throw  of 
xentric  being  equal  to  B,  an  engine  of  like  power  is  obtained, 
herefore,  A,  B,  and  C,  are  equivalents  of  each  other,  differing  only 
L  mechanical  construction;  and  the  power  obtained  from  each  would 
3  the  same,  not  taking  friction  into  consideration. 

Dispense  with  these  pistons,  and  admit  steam  alternately,  top 
id  bottom  of  the  circle,  D,  in  Fig.  4,  and  this  eccentric  piston 
ould  be  propelled,  up  and  down,  in  a  rectilinear  direction,  and 
lis  motion  would  be  converted  into  a  circular  motion,  during  the 
repulsion  of  the  piston.  Here  is  obtained  the  amalgamation  of  the 
w  motions  of  the  ordinary  engine  in  one  body ;  the  same  body 
)ntaining  the  properties  of  the  reciprocating  piston,  and  also  of 
le  crank. 

The  practical  application  of  this  principle  is  effected  in  the 
endulous  Engine,  shown  in  Figures  6,  6,  7,  Plates  42  and  43 ; 
lese  r^resent  a  20  horse-power  steam  engine,  which  is  a  modi- 
sation  of  an  engine  that  was  submitted  by  the  author  to  a  former 
leeting  of  the  Institution. 

A  is  the  base-plate,  that  carries  the  entire  engine.  The  side 
amiug,  B  B,  is  fitted  to  it,  and  bolted  firmly  down,  and  upon  this 
le  cylinder,  C,  is  suspended,  and  swings  with  a  pendulous  action, 
he  piston,  D,  is  turned  perfectiy  true,  having  the  shaft,  E^ 
Byed  eccentric  in  it.  This  shaft  works  in  pedestals,  P  P,  which  are 
xed  on  the  bed-plate.    The  piston  works  between  two  parallel 
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B,  F  and  G,  the  surface  at  F  being  a  plate,  dove-tailed  into 
inder,  and  the  plate  G  is  fitted  into  the  recess  prepared  foi 
so  arranged  that,  by  means  of  adjusting  screws,  it  follows  up 
IT  that  may  take  place  on  the  periphery  of  the  piston,  and  main- 
steam-tight  joint.  The  piston  is  packed  at  the  ends  with  the 
3  H,  these  being  fitted  into  a  conical  seating,  and  as  the  weai 
lace,  they  are  sprung  open  by  means  of  a  small  wedge  and  bolt 
d  where  the  ring  is  cut  open,  to  allow  it  to  expand.  These 
¥ork  against  the  side  plates,  1 1,  which  are  bolted  to  the 
r,  and  have  metallic  joints.     The  peculiar  motion  of  the  ends 

piston  against  these  surfaces  causes  a  most  beautiful  wear, 
rings  keep  receding  in  their  seatings,  and  never  come  ovei 
ae  parts  twice  together. 

am  is  admitted  precisely  the  same  way  as  in  an  ordinaiy 
,  at  top  and  bottom  of  the  piston,  but  the  valve,  N,  is  on  the 
rium    principle,    and    exhausts    through  the  back,   being 

by  a  conical  ring,  in  a  similar  manner  to  the  ends  of  the 
;  the  valve  is  worked  by  the  eccentric,  J,  by  means  of  levers 
»gh  shaft.     The  steam  and  exhaust  pipes  are  shown  at  £ 

andi  are  packed  with  the  glands,  M  M,  to  admit  of  the 
OU8  motion  of  the  cylinder.  The  distances  between  the 
;  are  calculated  so  as  to  allow  the  pendulous  motion  of  the 
yr  to  coincide  with  the  rate  of  revolution  of  the  engine,  an<] 
uently,  only  a  small  portion  of  the  weight  of  the  moving 
as  to  be  overcome,  with  respect  to  the  vibration, 
e  advantages  of  this  Engine  are, — economy  in  first  cost,— 
ay  in  space, — economy  in  foimdations,  being  self-contained 
)licity  and  economy  in  repairs,  as  the  wearing  parts  ar< 
ons,  and  may  be  renewed  at  a  short  notice, — direct  appli 

of  the  steam  to  produce  the  rotary  motion  of  the  shaft 
t  the  intervention  of  joints  or  connecting  rods, — and  no 
liable  to  derangement,  as  the  moving  parts  are  so  few  ii 
ir.  As  it  contains  less  firictional  surface  than  the  ordinar 
,  economy  in  consumption  of  fael  may  be  expected.  Higl 
may  be  obtained,  and  thus  gearing,  wheel- work,  &c.,  may  b( 
sed  with;  and  firom  its  compactness,  this  engine  is  mos 
ie  for  working  the  heavy  class  of  machinery,  such  as  rolling 
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nills,  &c.,  or  screw-propellers  in  steamboats.  A  twenty-hors< 
mgine  is  being  constructed  on  this  plan,  and  will  be  at  work  in  i 
ew  days,  and  the  author  will  be  ready,  at  a  future  period,  to  la; 
)efore  the  Institution  its  performances,  tested  by  a  dynamometer. 


Mr.  Shipton  exhibited  a  working  model  of  the  Penduloui 
Engine,  and  illustrated  its  action  by  sectional  models. 

Mr.  Elwell  enquired  whether  a  similar  Engine  had  not  beei 
It  work  for  a  considerable  time  at  Wolverhampton  ?  and  wha 
vas  the  probable  cost  of  such  engines  ? 

Mr.  Shipton  replied,  that  the  engine  at  Wolverhampton  wa 
constructed  on  the  former  modification  of  the  plcm,  in  which  tb( 
)iston  oscillated  instead  of  the  cylinder.  The  cost  would  be  £i 
)er  horse-power,  exclusive  of  the  boilers.  The  only  comparative 
rial  that  had  yet  been  made  as  to  the  consumption  of  fuel,  wai 
rith  an  engine  at  Manchester,  which  showed  a  saving  of  lOj 
)er  cent,  as  compared  with  another  direct-acting  engine  whict 
vorked  firom  the  same  boiler. 

Mr.  Siemens  enquired  how  the  packing  was  made  steam- 
ight?  And  Mr.  Shipton  explained  that  it  was  by  an  ex- 
)anding  ring  of  triangular  section,  giving  an  equal  pressure  on 
)Oth  surfaces :  the  same  plan  was  adopted  for  packing  both  the 
piston  and  the  valve.     He  exhibited  one  of  the  packing  rings. 

Mr.  Clift  observed,  that  Mr.  Shipton  had  argued  that  a  con- 
iiderable  saving  would  be  eflTected  by  avoiding  the  crank  motion 
ind  the  reciprocation  of  the  piston ;  but  he  had  against  that  the 
vhole  weight  of  the  cylinder  in  motion,  which  was  a  large  weight 
o  be  stopped  and  reversed  at  every  revolution ;  and  therefore  he 
lould  not  see  what  advantage  the  invention  possessed  over  the 
)rdinary  engines. 

Mr.  Shipton  replied,  that  the  pendulous  motion  of  the 
jylinder  prevented  the  loss  of  power  in  reciprocation ;  the  cylindei 
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3d  as  a  pendulum ;  and  they  found  that  one  man  could 
:he  cylinder  of  a  20-horse  engine  in  vibration,  at  full  speed, 
r.  Clift  enquired  whether  the  cylinder  was  made  of  correct 
.  to  vibrate,  according  to  the  law  of  a  pendulum,  at  the  actual 
ig  speed  of  the  engine?  as,  if  not  correctly  adjusted,  it  might 
e  a  large  amount  of  power  to  force  it  into  the  required  rate 
ration. 

r.  Shipton  said,  the  remark  would  apply  to  all  oscillating 
3S,  but  in  this  engine  they  had  calculated  the  length  of  the 
s  of  oscillation,  so  as  to  agree  with  the  intended  rate  oi 
ag  of  the  engine. 

r.  Siemens  observed,  that  weight  was  certainly  of  secondary 
ieration,  if  the  centre  of  oscillation  could  be  made  to  agree 
he  corresponding  length  of  pendulum;  and  such  an  arrange- 
would  make  the  power  more  uniform  throughout  the  stroke. 
.  would  not  be  correct  to  consider  the  weight  of  the  piston 
ss,  in  a  reciprocating  engine,  as  the  momentum  was  gradually 
)ed  by  means  of  the  crank,  and  given  out  again  in  starting 
turn  stroke.  In*  some  cases  a  heavy  weight  of  piston  and 
cting  rod  was  actually  an  advantage  ;  an  expansive  engine, 
g  off  at  half  stroke,  worked  more  steadily  with  a  heavy  con- 
g  rod  than  with  a  light  one,  as  it  absorbed  surplus  power  at 
art  of  the  stroke,  and  gave  it  out  again  when  the  moving 
was  deficient,  tending  to  equalize  the  power.  With  respect 
.  Shipton's  engine,  he  considered  the  question  to  be  one  o^ 
urative  friction,  compactness,  and  simplicity, 
le  Chairman  understood  Mr.  Shipton  to  bring  forward  his 
)  rather  as  one  presenting  advantageous  points  of  construc- 
han  as  one  which  led  to  saving  in  fuel.  He  proposed  a  vote 
aks  to  Mr.  Shipton  for  his  communication,  which  was  passed. 


le  following  paper,  by  Mr.  J.  £.  Clift,  of  Birmingham,  was 
ead : — 
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ON  THE  PRESERVATION  OF  TIMBER  BY  CREOSOTE 

In  the  present  day,  when  the  requirements  for  timher,  in  th< 
various  mining,  engineering,  and  other  works,  are  so  great,  it  he 
comes  necessary  to  consider  careftilly  the  best  means  of  renderinj 
it  as  durable  as  possible,  and  that  at  the  least  expense ;  and  th* 
writer  cannot  think  that  sufficient  attention  has  been  paid  to  th( 
subject  by  the  parties  most  interested,  from  the  fact  that  but  few  o 
the  larger  consumers  of  that  article  have  adopted  any  plans  for  it 
preservation ;  and  this  fact  must  be  the  apology  for  bringing  befor 
the  Institution  a  paper  upon  a  process  which  has  been  partially  h 
use  for  several  years. 

In  looking  through  the  colliery  districts,  it  is  found  that  thousand 
of  loads  of  timber  are  taken  green  from  the  forests  and  used  ever 
year ;  and  the  greater  portion  is  used  in  the  pits,  where,  owing  t 
damp  atmosphere  and  increased  temperatiure,  it  is  rotted  in  a  fe^ 
months ;  whereas,  with  a  small  expense,  it  might  be  made  to  las 
for  years. 

It  may  be  observed,  also,  that  the  Railway  engineers  are  seekin 
for  a  more  durable  bearing  for  the  rails  in  iron  sleepers,  and  ovei 
looking  the  means  of  making  wood,  which  is  allowed  to  be  the  mos 
agreeable  for  travelling  upon,  the  most  durable  as  well  as  the  mos 
economical  material  for  the  permanent  way. 

Wood  may  be  briefly  stated  to  be  composed  of  a  fibrous  tissue 
which  upon  examination  witli  the  microscope  is  found  to  consist  o 
longitudinal  tubes,  arranged  in  concentric  rings  around  the  centi* 
pith ;  these  tubes  varying  in  diameter  from  jioth  to  ^th  part  of  ai 
inch.  The  use  of  these  tubes  in  a  growing  tree  is  to  convey  th 
sap  from  the  root  to  the  branches ;  and  after  the  tree  is  cut  up  fo 
use,  they  contain  the  chief  constituent  of  the  sap,  vegetable  albume: 
— a  substance  very  much  resembling  in  its  composition  anims 
albumen,  or  the  white  of  an  egg.  Diflferent  woods  vary  in  the  pre 
portion  which  they  contain  of  this  substauce,  but  in  the  softe 
woods  it  averages  one  per  cent. 

The  dry  rot  in  timber  is  caused  by  the  putrefaction  of  the  vege 
table  albumen,  to  which  change  there  is  a  great  tendency ;  an( 
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3  once  this  has  taken  place,  it  soon  infects  the  woody  fihre, 
cing  decomposition,  and  causing  its  entire  destruction, 
dany  plans  have  been  proposed  to  arrest  this  evil,  each  with 
i  or  less  success ;  the  chief  aim.  of  the  authors  being  to  coagulate 
Jbumen  by  means  of  metallic  salts,  and  so  prevent  putrefaction, 
ng  others  may  be  mentioned  the  following,  as  being  the  most 
Bssful: — Kyan's  process,  by  the  use  of  chloride  of  mercury; 
lett's,  by  chloride  of  zinc ;  and  Payne's,  by  sulphate  of  iron  and 
ate  of  lime,  forming  an  insoluble  precipitate  in  the  pores  of 
vood.  To  each  of  these  plans  there  are  serious  objections  in 
tice.  In  the  first  place,  when  metallic  salts  are  injected  into 
er  in  sufficient  quantities  to  crystallize,  the  crystals  force  open 
)ore8,  causing  a  disruption  of  the  fibre,  and  when  the  timber 
wards  becomes  wet  they  dissolve,  leaving  large  spaces  for  the 
ment  of  water,  and  rendering  the  timber  much  weaker.  Secondly, 
netallic  salts  being  incapable  of  sealing  the  pores  of  the  wood, 
ibre  is  still  exposed  to  the  action  called  eremacausis,  a  process 
ddation,  after  the  albumen  has  been  precipitated.  These  pro- 
3s  are  also  objectionable  for  wood  that  requires  iron  inserted  in 
:tachcd  to  it,  as  the  acids  act  upon  the  iron  in  a  manner  well 
vn,  and  ultimately  destroy  it. 

rhe  plan  that  is  the  subject  of  the  present  paper  is  the  one 
nted  by  Mr.  Bethell,  for  the  use  of  a  material  obtained  by  the 
llation  of  coal  tar.  This  material  consists  of  a  series  of  bitu- 
)us  oils,  combined  with  a  portion  of  Creosote ;  this  latter  sub- 
ee  being  acknowledged  to  possess  the  most  powerful  antiseptic 
lerties.  The  action  of  this  material  may  be  thus  described  : — 
jn  injected  into  a  piece  of  wood,  the  Creosote  coagulates  the 
men,  thus  preventing  the  putrefactive  decomposition,  and  the 
minous  oils  enter  the  whole  of  the  capillary  tubes,  encasing  the 
iy  fibre  as  with  a  shield,  and  closing  up  the  whole  of  the  pores, 
s  entirely  to  exclude  both  water  and  air ;  and  these  bituminous 
being  insoluble  in  water,  and  imaffected  by  air,  renders  the 
ess  applicable  to  any  situation.  So  little  is  this  oil  affected  by 
3spheric  change,  that  the  writer  has  seen  wrought-iron  pipes 
had  merely  been  painted  over  with  it,  and  laid  in  a  light  ground 
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Dne  foot  beneath  the  surface,  taken  up  after  twenty  years,  and  the; 
appeared  and  smelt  then  as  fresh  as  when  first  laid  down. 

By  using  these  bituminous  oils,  the  most  inferior  timber,  an 
that  which  would  otherwise  soonest  decay,  from  being  more  porou 
and  containing  more  sap,  or  being  cut  too  young  or  at  the  wroni 
season,  is  rendered  the  most  durable.  This  will  be  readily  undei 
stood,  when  it  is  considered  that  this  porous  wood  will  absor 
a  larger  portion  of  the  preserving  material  than  the  more  clos 
and  hard  woods :  in  fact,  the  soft  woods  are  rendered  hard  by  thi 
process.  By  this  means,  therefore.  Engineers  will  be  enabled  t 
use  a  cheaper  timber  with  greater  advantage  than  they  could  us 
a  more  expensive  timber  uncreosoted ; — thus,  taking  the  cost  of 
sleeper  of  American  yellow  pine  at  4s.,  and  one  of  Scotch  fir  at  3s 
and  then  adding  Is.  to  the  latter  for  creosoting,  the  two  would  b 
the  same  cost;  but  the  former  one  would  last  under  the  mos 
favourable  circumstances  not  more  than  ten  or  twelve  yeai*s,  an 
the  other  would  be  good  under  any  circumstances  in  all  probt 
bility  in  a  hundred  years. 

This  system  of  preserving  timber  has  been  in  use  on  severa 
railways,  and  other  works,  for  several  years  past.  A  portion  of  th 
London  and  North  Western  Railway,  about  seventeen  miles  ii 
length,  has  been  laid  with  the  creosoted  sleepers  from  nine  t 
eleven  years,  during  which  period,  the  engineer  reports  that  n 
instance  has  occurred  in  which  any  decay  has  been  detected  ii 
them,  and  tliey  continue  quite  as  sound  as  when  first  put  down 
On  the  Stockton  and  Darlington  Railway,  creosoted  sleepers  hav( 
also  been  laid  for  ten  years,  and  are  found  to  continue  without  anj 
appearance  of  change  or  decay ;  also  on  the  Lancashire  and  York 
shire  Railway,  creosoted  timber  has  been  used  for  five  years,  as  pavin^ 
blocks,  posts,  &c. :  the  upper  part  becomes  very  hard,  and  the  pari 
under  ground  appears  as  fresh  as  when  taken  out  of  the  creosote 
tank,  though  the  timber  was  of  inferior,  sappy  quality.  In  a  trial 
commenced  twelve  years  since,  by  Mr.  Price,  of  Gloucester,  of  the 
comparative  durability  of  timber  in  the  covers  of  a  melon-pit, 
where  it  was  exposed  constantly  to  the  combined  action  of  decom- 
posing matter  and  the  atmosphere — the  unprepared  timber  became 
decayed  in  one  year,  and  required  replacing  in  a  few  years ;  a  portion 
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le  timber  that  had  been  kjanised  lasted  well  for  about  seven  3 
then  gradually,  though  very  slowly,  became  quite  decayed 
timber  that  had  been  creosoted  still  continues  as  sound  as 
put  down,  twelve  years  since. 

From  these  facts,  it  appears  not  unreasonable  to  infer,  tl 
>er  be  made  to  continue  unchanged,  and  to  show  no  sym 
lecay  for  ten  or  twelve  years,  under  circumstances  that  r( 
repared  timber  to  dust  in  two  years,  and  in  the  absence  0 
)f  to  the  contrary,  we  may  expect  to  find  that  it  will  lai 
mited  period,  and  that  one  hundred  years  will  be  a  mod 
to  assign  to  it. 

^nd  not  only  does  this  creosoting  process  render  wood 
i  decay,  but  it  also  preserves  it  from  the  attacks  of  the  t 
n,  when  used  for  ship-building,  harbours,  docks,  and 
t  contiguous  to  the  sea. 

rhis  has  Tbeen  satisfactorily  proved  at  Lowestoft  harbour,  \ 
plan  has  had  a  very  extensive  trial  for  four  years ;  anc 
rintendent  reports  that  there  is  no  instance  whatever  ( 
eosoted  pile  being  sound,  they  are  are  all  attacked  b; 
oria  and  the  teredo  to  a  very  great  extent,  and  the  pil 
3  instances  are  eaten  through ;  but  there  is  no  instance 
of  a  creosoted  pile  being  touched,  either  by  the  teredo  c 
oria,  and  all  the  creosoted  piles  are  quite  sound,  tb 
red  with  vegetation,  which  generally  attracts  the  teredo, 
lordinary  fact  is  to  be  accounted  for  by  the  creosote  rema 
5t  in  the  timber,  either  wet  or  dry ;  and,  being  destructi 
mimal  life,  is  proof  against  the  attack  of  these  parasiti 
'eas,  with  the  other  processes,  the  metallic  salts  are  wi 
or  that  portion  which  unites  with  and  coagulates  the  albi 
ndered  quite  innocuous  by  the  process.  It  will  be  seen  b 
imens  exhibited  that  the  ravages  of  the  worm  reduce  th 
ared  timber  to  a  completely  honeycombed  state  in  two  ; 
the  creosoted  timber  remains  untouched  after  a  period  of 
3. 

rhere  are  two  processes  in  use  by  Mr.  Bethell,  for  impregn 
>er  with  creosote ; — one  is  by  placing  the  wood  in  a  strong 
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cylinder,  and  exhausting  the  air  from  it  hy  an  air-pump,  until  a 
vacuum  is  created,  equal  to  about  twelve  pounds  on  the  square  inch ; 
the  creosote  is  tlien  allowed  to  flow  into  the  cylinder,  and  after- 
wards a  pressure  is  put  upon  the  creosote,  by  a  force-pump,  equal 
to  about  150  pounds  on  the  square  inch;  the  timber  then  taken 
out  is  fit  for  use.     This  apparatus  is  shown  in  Plate  44. 

A   The  wrought-iron  pressure  tank. 
B   Cast-iron  cover,  fixed  by  strong  clamps  and  screws. 
C    Small  crane,  for  removing  the  cover. 

D   Carriages  for  holding  the  timber,  E,  that  is  to  be  creosoted. 
These  carriages  run  on  a  railway  in  the  tank,   for  facilita- 
ting the  charging  and  discharging  of  the  tank. 
F    Iron  cramps,  fixed  to  the  carriages,  for  confining  the  timber 
to  the  proper   space   for   entering  the   cylinder.     Small 
blocks  of  wood  are  used  to  keep  each  piece  of  timber  a 
certain  space  from  any  of  the  others. 
G  Reservoir  for  the  creosote. 
H  Steam-pipe,  for  warming  the  creosote. 
I    Steam-engine. 

K  Air-pump,  for  exhausting  the  pressure  tank. 
L   Force-pump,  for  injecting  the  creosote. 
M  Discharge  pipe,  fo^  emptying  the  tank,  with  safety  valve, 
for  letting  off  the  superfluous  creosote,  when  the  required 
pressure  has  been  attained. 
The  second  process  is  by  placing  the  timber  in  a  drying-house, 
as  shown  in  Plate  45,  and  passing  the  products  of  combustion 
through  it;  thereby  not  only  drying  the  timber  rapidly,  but  im- 
pregnating it,  to  a  certain  extent  with  the  volatile  oily  matter  and 
creosote  contained  in  the  products  given  oflf  from  the  fuel  used  to 
heat  the  house.     WTien  the  timber  is  taken  out  of  this  house,  it  is 
at  once  immersed  in  hot  creosote  in  an  open  tank,  thus  avoiding 
the  use  of  a  steam-engine,  or  pumps. 

AA  Drying-house,  built  with  hollow  walls,  filled  in  with  ashes. 
B     Fireplace. 

CC  Flue,  running  the  whole  length  of  the  building,  covered 
with  iron  plates,  perforated  for  half  the  length  farthest 
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from  the  £re,  to  allow  the  products  of  combustion  to  pass 

through  the  timber  on  the  way  to  the  chimney. 
Carriages,  for  holding  the  timber,  E,  that  is  to  be  creosoted, 

running  on  a  railway  for  facilitating  the  charging  and 

discharging  of  the  drying-house. 
Iron  doors,  closing  the  end  of  the  drying-house. 


Mr.  Clift  exhibited  specimens  of  Creosoted  Sleepers,  which 
i  been  in  use  for  ten  years  on  the  London  and  North  Western 
ilway,  near  Manchester,  and  were  still  perfectly  sound  and 
changed ;  also  specimens  of  Creosoted  Piles  from  Lowestoft 
rbour,  which  had  been  in  the  sea  for  four  years,  and  continued 
te  fresh  and  sound,  and  without  being  touched  by  the  worm  ; 
h  specimens  of  similar  piles  uncreosoted,  from  the  same  situ- 
3n,  which  were  completely  eaten  away  and  honeycombed  by 
I  worm  in  the  same  period. 

Mr.  Bethell  observed,  that  when  he  first  commenced  to  pro- 
ve timber,  he  found  that  no  pressure  would  get  the  creosote  into 
>  timber  from  the  presence  of  moisture  in  the  pores,  and  it  be- 
ne necessary  to  adopt  the  system  of  drying  the  timber  first;  and 
er  fourteen  days  he  found  that  the  wood  lost  3  lbs.  in  weight 
every  cubic  foot ;  this  was  by  the  old  process  of  drying.  He 
m  introduced  the  present  drying- house,  and  in  twelve  or  four- 
sn  hours  they  lost  8  lbs.  per  cubic  foot,  in  Scotch  sleepers,  and 
3se  then  absorbed  an  equal  weight  of  creosote.  An  average 
Hi  lbs.  of  creosote  per  cubic  foot  was  now  put  into  all  the 
Qmel  timber  at  Leith  harbour  works;  it  was  forced  in  with  a 
Bssure  of  180  lbs.  per  inch.  One  piece  of  creosoted  timber  had 
en  observed  at  Lowestoft,  which  had  been  half  cut  through  for  a 
:>rtice,  but  not  filled  up  again,  and  a  teredo  had  penetrated  a  little 
ly  into  it  at  that  part,  and  then  attempted  to  turn  to  the  right, 
d  then  to  the  left,  and  had  ultimately  quitted  the  timber  with- 
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ut  proceeding  any  farther.  Young  wood  was  the  most  porot 
ound  the  exterior,  and  consequently  absorbed  most  creosote,  whic 
^rmed  a  shield  to  keep  off  the  worm.  The  creosoted  sleepe: 
rere  better  after  eight  or  ten  years  than  when  new,  because  tl 
reosote  got  consolidated  in  them  and  rendered  them  harder.  I 
ad  taken  the  idea  originally  from  the  Egyptian  mummy  ;  it  wj 
xactly  the  same  process ;  any  animal  put  into  a  creosote  tar 
ssumed  the  appearance  and  became  in  like  condition  to  amumm 
timber  creosoted  was  now  chiefly  used  in  railways,  but  1 
elieved  that  if  it  was  introduced  into  coal-pits  it  would  be  four 
hat  no  timber  so  used  in  those  places  would  rot. 

The  Chairman  remarked  that  if  the  owners  of  pits  found 
0  much  to  their  advantage,  he  was  sure  the  plan  would  come  inl 
,se. 

Mr.  Clift  said  he  had  taken  up  the  subject  in  the  presei 
aper  with  that  view ;  his  object  was  to  draw  attention  to  pi 
imber,  and  he  was  satisfied  that  if  the  timber  used  in  coal-pit 
ras  creosoted,  it  might,  when  done  with  in  one  situation,  be  agai 
aken  out  to  use  in  another  place ;  whereas  now,  because  the  dr 
ot  seized  the  timber  so  quickly,  it  was  left  behind  in  the  working 
f  the  pits. 

The  Chairman  enquired  whether,  in  the  process  of  creosoting 
he  quantity  of  sap  extracted  was  calculated  ?  and  how  the  exac 
[uantity  of  creosote  that  was  put  into  the  timber  was  ascer 
ained  ? 

Mr.  Bethell  replied,  that  every  piece  of  timber  was  weighd 
►efore  it  was  put  into  the  creosote  tank,  and  again  when  take: 
>ut,  and  each  piece  was  required  to  be  increased  in  weight  by  th 
process  10  lbs.  per  cubic  foot;  the  quantity  of  oil  used  alway 
ather  exceeded  the  weight  gained  in  the  timber,  on  account  o 
he  loss  of  weight  from  the  moisture  extracted  by  the  exhauslio: 
►f  the  air-pump. 

The  Chairman  enquired  what  difference  was  found  in  th 
[uantity  of  creosote  absorbed  by  the  harder  woods  ? 

Mr.  Bethell  replied,  that  oak  only  absorbed  half  as  mucl 
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osote  as  Memel  timber.  Common  fir  creosoted  would  last 
ible  the  time  of  hard  wood  creosoted,  because  it  took  more 
osote.  Beech  made  the  best  wood,  being  fiill  ot  very  minute 
68,  and  tl^ey  could  force  a  greater  quantity  of  creosote  into 
ich  than  into  any  other  wood ;  consequently  it  took  a  more 
fonn  colour  throughout  from  the  process. 
Air.  Shipton  enquired  how  the  process  was  regulated  to 
)w  for  the  difference  in  size  of  timber  ? 

Mr.  Bethell  said  that  long  pieces  of  timber  were  found  to 
uire  more  time  to  saturate  them  in  proportion  to  their  length, 
I  the  creosote  appeared  to  enter  at  the  two  ends  and  be  forced 
through  the  whole  length  of  the  pores.  The  progress  was 
3wn  by  the  quantity  of  creosote  forced  into  the  tank  after  it 
J  filled,  according  to  number  of  cubic  feet  of  timber  contained 
the  tank. 


A  vote  of  thanks  was  passed  to  Mr.  Clift  for  his  communica- 
11 ;  and  the  following  paper,  by  Mr.  Archibald  Slate,  of  Dudley, 
3  then  read  : — 

iW  EQUILIBRIUM  CANAL  LIFT,  FOR  TRANSFERRING 
BOATS  FROM  ONE  LEVEL  TO  ANOTHER.  WITHOUT 
LOSS  OF  WATER  OR  OF  POWER. 

The  scarcity  of  water  in  the  inland  navigation  during  the  sum 
T  months,  and  the  consequent  inconvenience  to  the  manufacturers 
to  are  dependent  for  an  outlet  on  that  mode  of  conveyance,  having 
I  the  author  of  the  present  paper  to  tlie  investigation  of  the  vari- 
8  plans  which  had  been  proposed  or  tried,  for  transferring  boats 
>m  one  level  to  another  without  the  loss  of  water  which  occurs  in 
e  use  of  locks — ^he  found  that  there  existed  in  these  plans  what 
peared  to  him  an  insuperable  objection — the  necessity  of  water- 
;ht  gates  or  sluices,  to  be  opened  and  shut  in  the  passage  of  each 
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boat,  and  the  least  derangement  of  which  might  not  only  stop  the 
traffic  of  the  canal,  but  be  productive  of  most  serious  consequences 
There  occun'ed  in  some  plans  the  very  serious  evil  of  the  boat 
being  transferred  from  their  proper  water  bearing  to  a  dry  or  partiall 
dry  cradle,  causing  serious  risk  of  injury  to  the  boat,  by  the  strain 
arising  from  the  imequal  bearing. 

It  appeared,  then,  that  to  the  successful  application  of  any  lil 
or  method  of  transferring  boats,  two  points  were  essential :  first 
that  the  boats  should  float  in  water  during  transfer  ;  and  next,  tha 
there  should  be  a  total  absence  of  gates  or  sluices  in  the  main  lini 
of  the  canal. 

To  make  the  boats  float  into  a  caisson  or  tank,  sunk  in  the  wate: 
disposed  of  both  the  above  points  at  once ;  and  the  only  thing  thei 
to  be  sought  for  was  the  proper  mechanical  arrangement  by  whic 
the  caisson,  with  the  boat  floating  in  it,  might  be  lifted  out  of  th 
water  at  the  one  level,  and  transferred  to  the  other  level,  withoi 
the  loss  of  water,  or  the  use  of  more  power  than  is  necessary  i 
overcome  the  friction  of  the  machinery. 

The  method  by  which  this  is  proposed  to  be  accomplished  i 
shown  in  Plates  46  and  47. 

The  upper  level  of  the  canal  is  divided  into  two  branches  o 
arms,  U  U,  each  of  a  sufficient  width,  and  carried  along  each  sid 
of  the  lower  level  of  the  canal,  V,  to  a  sufficient  length,  to  receiv 
an  ordinary  canal  boat.  The  sides  of  the  canal  forming  the  uppe 
levels  may  be  constructed  of  stone  and  brickwork,  as  in  ordinar 
locks,  or  of  iron  carried  upon  timber  framing.  The  depth  of  eacl 
branch  of  the  canal  is  sufficient  to  permit  a  boat,  W,  with  a  ful 
load,  to  float  over  the  ends  of  a  caisson  or  tank,  D  D,  that  is  o 
sufficient  size  to  contain  water  enough  to  float  a  loaded  boat 

Over  these  branches  of  the  canal  is  erected  a  timber  or  iroi 
framework,  upon  the  top  of  which,  at  points  immediately  ove 
the  upper  and  lower  branches  of  the  canal,  are  fixed  rails,  A  A,  an( 
on  these  rails  are  placed  carriages,  B  B,  containing  a  series  o 
wheels,  over  which  run  the  chains,  C  C,  for  lifting  the  caissons. 

At  the  bottom  of  one  of  the  branches  of  the  canal,  on  the  uppe 
level,  and  of  one  on  the  lower  level,  are  placed  the  iron  caissons  o 
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iks,  D  D,  which  are  carried  by  straps,  attached  to  cross  bearers 
E,  and  suspended  by  the  chains  at  points  immediately  under  th 
meworL 

At  one  side  of  the  framework,  in  two  vertical  grooves,  is  sus 
ided  the  large  shaft,  F  F,  carrying  the  four  drums,  G  G,  oi 
ich  the  suspending  chains  wind  and  unwind  in  the  operation  c 
sing  and  lowering  the  caissons ;  the  two  sets  of  chains  beini 
and  on  the  respective  drmns  in  opposite  directions,  so  that  whei 
)  caisson  is  raised,  the  other  is  at  the  same  time  lowered.  Oi 
h  end  of  this  shaft,  F,  is  a  bearing  or  joiunal,  which  is  grasped  b; 
Bye  or  strap,  H  H,  in  which  it  can  revolve ;  to  these  straps  is  attaches 
)  end  of  the  equilibrium  connecting  chains,  1 1,  the  other  ends  o 
Lch  are  fixed  to  the  cams,  J  J.     These  cams  are  keyed  fast  oi 

shaft,  E,  and  on  the  same  shaft  are  also  keyed  two  other  cams 
Li,  to  which  is  attached,  by  two  chains,  the  balance  weight,  M 
the  same  shaft  are  keyed  the  large  wheel,  N,  and  two  drums 
),  to  which  are  attached,  on  opposite  sides,  the  two  water  buckets 
\  for  the  purpose  of  aiding,  if  required,  the  manual  power  ii 
rking  the  lift. 

The  balance  weight,  M,  is  nearly  equal  to  the  weight  of  th( 
ssons  in  the  water,  when  working  through  the  shortest  leverage 
the  cams  ;  the  caissons  being  allowed  a  little  weight  in  excess 
3rder  that  they  may  freely  sink  to  the  bottom  of  the  water.  Th( 
ance  weight,  when  acting  through  the  longest  leverage,  (en 
iwn  by  the  dotted  lines,)  is  equal  to  balance  the  caissons  whei 

of  the  water  and  full  of  water ;  this  weight  of  the  caissons  beinj 

same  under  all  circumstances,  on  account  of  the  relative  dis 
cement  of  water,  whether  they  contain  a  loaded  boat  or  an 
pty  boat,  or  are  merely  filled  with  water,  without  any  boat.  The 
m  of  the  cams  between  these  two  extreme  points  is  regulated  bj 

form  and  depth  of  the  caissons. 

The  following  is  the  action  of  the  Equilibrimn  Lift: — Supposing 
>  loaded  boats  approaching  the  lift,  one  on  the  upper  and  the 
ler  on  the  lower  level  of  the  canal,  (but  the  same  descriptior 
)lies  to  empty  boats,  or  to  a  single  boat,)  each  boat  is  floated  intc 
i  arm  of  the  canal,  over  the  caisson  lying  at  the  bottom,  in  the 
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same  way  as  into  ordinary  locks.  The  first  operation  of  lifting 
is  to  raise  both  caissons  out  of  the  water,  with  the  boats  floating  ii 
them :  this  is  done  by  applying  power  to  the  series  of  wheels,  Q 
which  turn  the  shaft,  K ;  by  which  operation  the  chains,  I  I,  an 
wound  on  the  cams,  causing  the  shaft,  F,  with  the  drums  an4 
suspending  chains,  to  move  down  the  vertical  grooves  in  the  frame 
work  to  the  position  shown  by  the  dotted  lines  at  B,  and  thus  raisin] 
the  caissons  and  boats  out  of  the  water.  This  operation  may  be  per 
formed  either  by  manual  power  or  by  means  of  the  water  backets 
P  P,  by  turning  on  water  from  the  upper  level  into  the  descendiuj 
bucket,  and  letting  out  the  water,  by  a  self-acting  valve,  on  the  bucke 
reaching  the  bottom.  The  varying  weight  of  the  caissons,  in  pre 
gross  of  being  raised  from  the  bottom  to  the  surface,  until  out  c 
the  water,  is  allowed  for,  so  as  to  preserve  the  equilibrium  througl 
out  the  operation,  by  the  varying  leverage  of  the  balance  weigb 
acting  upon  and  through  the  four  cams  ;  so  that  the  power  has  littl 
more  than  the  friction  of  the  machinery  to  overcome. 

Having  by  this  means  lifted  both  caissons  out  of  the  watei 
that  one  which  is  required  to  descend  to  the  lower  level  is  movei 
across  the  bank  of  the  canal,  by  means  of  the  railway,  A  A,  on  th 
top  of  the  framework,  in  a  similar  manner  to  an  ordinary  traversini 
crane,  until  it  is  suspended  over  the  lower  branch  of  the  canal 
ready  to  descend,  as  shown  by  the  dotted  lines  at  S.  When  ii 
this  position,  the  wheel,  T,  on  the  end  of  the  shaft,  F,  is  geared  U 
the  series  of  motion  wheels,  Q,  by  means  of  a  shifting  clutch,  at  X 
the  power  is  then  applied,  and  the  shaft  caused  to  revolve,  whicl 
by  unwinding  the  chains  attached  to  the  descending  caisson,  anc 
winding  up  the  ascending  one,  carries  them  to  a  relative  positioi 
opposite  to  that  from  which  they  started  ;  and  they  are  stopped  ai 
the  proper  point  by  the  top  of  the  cross  bearers,  E,  coming  in  con 
tact  with  the  bottom  of  the  chain  carriage,  B.  The  caisson  whicli 
has  been  raised  from  the  lower  level  is  then  moved,  as  before,  bj 
means  of  the  railway,  across  the  bank  of  the  canal,  and  suspended 
over  the  upper  branch ;  the  clutch  is  then  ungeared,  the  powei 
again  applied  to  the  shaft  carrying  the  cams  with  the  balance 
weight,  and  the  caissons  are  simultaneously  lowered  to  the  bottom 
of  the  canal,  and  the  boats  floated  over  their  ends  and  away  to  theii 
destination. 
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Various  plans  for  passing  boats  from  one  level  of  a  canal  to 
lother,  by  vertical  lifts»  have  been  proposed,  and  some  partially 
irried  out  i^  practice.  In  most  of  these,  however,  there  is  a  loss 
'  consumption  of  water  from  the  upper  ponds  of  the  canal  in  excess 
'  that  consumed,  or  in  diminution  of  that  supplied,  in  passing  the 
)ward  or  downward  trade  respectively.  It  will  be  obvious  that 
e  plan  above  proposed  occasions  no  waste  of  water;  that  in 
Lssing  the  upward  trade  the  water  consumed  is  equal  to  the 
nnage  of  the  ascending  trade  ;  and  in  the  opposite  direction,  the 
iter  supplied  to  the  upper  ponds  of  the  canal  is  equal  to  the 
nnage  of  the  descending  trade ;  so  that  a  weight  of  water  equal  to 
e  whole  downward  tonnage  will  be  absolutely  transferred  from 
e  lower  to  the  higher  levels  of  the  canal. 

The  difference  of  the  levels  of  the  two  branches  of  a  canal  to 
lich  this  EquiUbrium  Lift  may  be  applied,  is  limited  only  by  the 
rength  of  materials  and  convenience  of  working. 

In  the  present  system  of  Locks,  the  amount  of  traffic  on  canals 
really  limited  to  the  supply  of  water,  and  this  in  many  cases  is 
ficient  for  the  ordinary  traffic ;  so  that  any  reduction  of  the 
esent  rates  of  carriage  on  canals  becomes  hopeless  imder  the 
esent  system.  But  by  the  adoption  of  such  a  system  as  the  one 
oposed,  on  the  summit  levels  of  canals,  their  capacities  for  traffic 
ay  be  so  increased  as  to  enable  them  successfully  to  compete 
th  the  Railway  system,  which  now  threatens  to  swamp  three 
iirths  of  the  canal  property  in  the  kingdom. 

This  Equilibrium  Lift  may  be  made  single  or  double.  In  its 
»uble  form,  as  shown  in  the  drawings  and  model,  it  is  estimated 
at  it  would  pass  one  boat  up  and  another  down  in  about  three  to 
e  minutes,  according  to  the  height  of  lift. 

The  value  of  this  lift  is  its  capacity  for  an  almost  unlimited 
ttount  of  traffic,  without  any  expense  of  water,  instead  of  incurring 
e  constant  loss  that  attends  the  present  locks,  amounting  to  more 
an  100  tons  of  water  each  time  that  a  boat  passes  through.  The 
lormous  annual  expense  of  water  to  replace  the  loss  by  the  locks, 
L  many  of  the  canals  in  the  Midland  districts,  is  too  well  known 
those  acquainted  with  their  practical  working  to  require  any 
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rvation.  Supposing  the  proposed  plan  applied  in  several  pa 
be  surrounding  district,  where  there  are  from  16  even 
ocks  situated  close  together,  and  the  loss  of  time  to  ev( 
in  passing  the  series  of  locks  is  from  2 j-  to  5  hours,  a  m( 
)rtant  saving  of  timo  would  be  effected  ;  as,  with  one  and  t 
respectively  in  those  cases,  tho  whole  time  required  foi 
to  pass  would  be  only  from  10  to  20  minutes, 
t  is  of  course  impossible  to  calculate  the  expense  of  the  lift  i 
rarious  heights,  without  knowing  the  exact  position,  but  it 
idered  that  for  a  height  of  about  twenty-one  feet,  or  thi 
lary  locks,  the  lift  would  be  as  cheap  as  locks.  For  a  1< 
ht  the  comparative  expense  would  be  greater ;  but  for  a  greai 
fit,  within  reasonable  limits,  the  lift  would  be  consideral 
per  than  locks.  In  cases  where  it  might  be  desirable  to  trans! 
>oats  through  a  great  height,  they  might  be  passed  at  one  ] 
igh  a  shaft  into  a  tunnel  below,  at  any  depth  that  might 
ired. 


The  Chairman  illustrated  the  action  of  the  lift  by  a  large  wor 
nodel.  He  observed,  that  in  former  plans  for  lifts  there  w 
er  of  the  boat  suddenly  striking  the  surface  of  the  wat( 
the  momentum  of  descending,  but  that  was  not  possible 
present  plan  :  the  boat  was  necessarily  stopped  before  reac 
he  surface  of  the  water,  and  it  was  then  lowered  into  t 
r  gradually  by  a  second  movement.  The  boat  was  complete 
ii  into  its  situation  over  the  caisson;  and  there  was  i 
er  of  the  boat  going  wrong  in  working  the  lift ;  even  if 
happened  to  be  caught  by  the  top  of  the  caisson  in  liftdn 
image  could  be  done,  as  the  man  would  not  be  able  to  li 
aving  only  power  enough  .to  overcome  the  friction  of  tl 
ratus.  In  this  plan,  there  was  no  risk  of  loss  of  water  fro 
3S8ness  or  accident ;  but,  in  some  plans,  where  the  end  of  tl 
was  closed  by  a  sluice,  a  boat  striking  the  end^  by  comii 
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too  fast,  might  do  serious  injury,  and  risk  the  loss  of  th 
hat  section  of  the  canal. 

Mr.  Mabson  enquired  what  would  he  the  probable  exp 
lift? 

The  Chairman  replied,  that  the  expense  of  locks  mi 
[mated  at  about  £1,000  each  ;  and  for  a  height  of  thre< 
21  feet,  the  cost  would  be  about  £3,000,  and  the  lift 
about  the  same ;  but  the  higher  they  went  with  the  loc 
ter  would  his  plan  be  suited,  and  the  saving  proport 
ater,  as  most  of  the  expense  of  the  extra  locks  would  be 
observed  that  his.  object  was  to  show  the  appUcabi 
lift,  leaving  those  interested  in  canals  to  judge  of 
itages. 

A  vote  of  thanks  was  passed  to  the  Chairman  for  his 
1  the  discussion  adjoum'ed. 


The  following  paper,  by  Mr.  S.  H.  Blacxwell,  of  I 
3  then  read : —  . 

ON  AN  IMPROVED  MINER'S  SAFETY  LAMI 

The  Improved  Safety  Lamp,  which  is  the  subject  of  the  ] 
>er»  is  the  invention  of  Mens.  F.  Eloin,  Mining  Engii 
[gium. 

A  visitor  to  the  Exhibition  of  1851,  he  brought  over  this 
h  him,  for  the  purpose  of  introducing  it  to  the  notice 
Qcipal  mine  viewers  of  this  country ;  and  it  thus  becc 
litional  interest,  as  being  one  of  those  contributions 
ctical  science  of  the  Continent  to  our  own  manufactures 
e  already  resulted  from  the  Exhibition,  and  which  will  do 
I  much  to  our  own  future  progress. 
Important  as  was  the  discovery  by  Sii'  Humphrey  Davy 
perty  possessed  by  thin  wire  gauze  to  prevent  the  pass 
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uld  prefer  to  that  of  any  candle,  from  its  greater  intensity, 
om  the  perfect  combustion  of  the  oil,  no  smoke  whatever  is 
en  off. 

Second ; — ^As  to  the  liability  of  injury  to  the  gauze.  This  is 
Fiated  by  using,  first,  a  strong  short  cylinder  of  glass.  A,  through 
ich  the  light  passes,  capped  above  the  flame  with  a  brass  or  iron 
inder,  B,  which  cannot  be  injured,  except  by  actual  violence, 
might  be  supposed  that  the  glass  portion  of  the  cylinder  would 
liable  to  accident,  but  in  practice  this  is  not  found  to  be  the 
le :  bound,  at  top  and  bottom,  by  a  strong  brass  ring,  if  it  were 
3n  to  crack,  either  from  a  blow,  or  from  unequal  expansion  by 
at,  no  danger  would  result,  as  the  pieces  into  which  it  would  be 
)arated  would  still  be  held  together  with  the  brass  headings. 

Third ; — The  closed  nature  of  the  cylinder  entu'ely  prevents  the 
ssage  of  an  explosive  atmosphere  into  the  lamp,  by  any  current 
air ;  no  swinging  of  the  lamp  causes  any  action  on  the  flame ; 
d  no  blower  of  gas  can  blow  into  the  flame,  in  consequence 
the  protection  of  the  cylinder. 

Fourth; — All  danger  by  the  heating  to  redness  of  the  wire 
,uze  is  entirely  removed. 

In  addition  to  the  entire  removal  of  the  defects  of  the  common 
avy  Lamp,  the  Lamp  of  M.  Eloin  possesses,  from  its  structure, 
»me  peculiarities  that  render  it  much  safer. 

The  air  which  enters  through  the  narrow  breaflth  of  wire  gauze, 
low  the  flame,  being  only  such  as  is  necessary  to  support  the  flame 
r  the  wick,  and  the  combustion  being  of  so  perfect  a  character, 
lat  portion  of  the  cylinder  which  is  above  the  flame  must  always 
e  filled  with  the  products  of  combustion,  and  never  with  an  ex- 
losive  atmosphere.  In  the  ordinary  Davy  Lamp  there  must  always 
e  a  tendency  in  the  siurounding  atmosphere  to  rush  through  the 
rire  gauze  into  the  lamp,  and  to  fill  it,  more  or  less,  with  the 
tmosphere  of  the  mine,  ^whatever  that  may  be.  In  M.  Eloin 's 
jamp  the  contents  of  the  cylinder  above  the  flame  must  always  be 
he  products  of  combustion.  This  is  clearly  seen  by  the  flame 
>eing  extinguished  whenever  the  general  upward  current  is  by  any 
neans  reversed.     So  confident  is  M.  Eloin  of  the  action  of  his 
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ip  in  this  respect,  from  his  experience  in  the  Belgian  mines, 
t  he  has  placed  a  very  coarse  wire  gauze  over  the  top  of  the 
ip,  simply  for  the  purpose  of  preventing  any  particles  of  coal 
lirt  from  entering,  but  of  a  width  that  would  readily  allow  the 
sage  of  flame,  if  any  flame  could  be  supported  in  the  upper  part 
he  cylinder. 

The  weight  of  the  lamp  (always  an  important  consideration 
ere  it  has  to  be  carried  for  any  length  of  time  in  the  hand)  is 
.  at  all  objectionable. 

It  is  not  expensive  in  its  structure.     A  lamp  as  highly  finished 
that  now  before  the  meeting  costs  in  Belgium  about  7  francs. 
The  power  of  perceiving  the  presence  of  gas,  by  the  ordinal^ 
ngation  of  the  flame,  is  fully  equal  in  this  lamp  to  that  of  th( 
linary  Davy  lamp. 

A  conical  brass  shade,  E,  is  attached  to,  and  made  to  slide  upon 
I  rods  surrounding  the  glass  portion  of  the  cylinder,  by  which  th( 
iit  can  be  directed  downwards  if  wished,  so  as  to  throw  the  ligh 
)r  the  floor  of  the  mine,  when  the  shade  is  moved  up,  as  showi 
the  dotted  lines  at  F. 

Combining,  then,  as  this  Lamp  undoubtedly  does,  all  the  advan 
^es,  and,  at  the  same  time,  obviating  the  more  important  defects 
the  ordinary  Davy  Lamp,  the  author  of  the  present  paper  canno 
t  think  that  it  must  ultimately  come  into  general  use ;  and  tha 
)at  praise  is  due  to  its  inventor,  M.  Eloin,  for  the  liberalit; 
bh  which  he  has  thrown  it  open  to  the  English  mining  public 
bhout  limiting  its  use  by  any  patent  or  other  restriction.  H< 
0W8  from  the  inventor  personally,  that  nothing  will  give  bin 
3ater  pleasure  than  to  hear  of  its  general  adoption  in  our  collieries 
d  he  cannot  but  regard  its  introduction  amongst  us  as  a  goo< 
len  of  the  results  which,  we  may  hope,  will  arise  hereafter  from  th 
)re  cordial  intercourse  between  the  practical  science  of  Englam 
d  the  Continent,  arising  out  of  the  Exhibition  of  1851. 
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Mr.  Blackwell  exhibited  one  of  the  improved  lamps,  and 
ordinary  Davy  lamp,  both  lighted,  and  said  he  had  taken 
5ial  care  to  trim  the  old  lamp  well,  but  the  improved  lamp 
B  five  or  six  times  the  light ;  and  from  the  perfect  combustion 
the  oil,  no  smoke  was  thrown  out,  whilst  in  the  other  lamp 
'e  was  a  great  quantity  of  smoke.  He  observed  that  the  glass 
Id  not  be  injured,  except  by  actual  violence,  and  that  with 
culty.  He  had  that  morning  dropped  the  lamp  from  some 
^ht  upon  a  hard  stone  pavement,  and  it  remained  uninjured, 
knew  of  cases  that  had  occurred,  where  the  wire  gauze  of  the 
inary  lamp,  or  perhaps  the  particles  of  coal  dust  in  the 
ihes  of  the  gauze,  had  become  so  intensely  heated  as  to  in- 
le  the  surrounding  gas,  even  from  the  circumstance  of  the 
p  lying  inclined,  so  that  the  flame  heated  the  gauze  on  one 
t ;  but  such  accidents  were  effectually  prevented  with  the  new 

P- 

Mr.  Clift  recollected  seeing  a  lamp  that  was  brought  out 

jral  years  ago,  which  he  thought  bore  a  great  resemblance  to 

Eloin's  lamp.     It  was,  he  believed,  invented  by  Mr.  Roberts, 

Jilston,  the  original  inventor  of  the  solar  lamp  ;  it  was  on  the 

r  principle,  and  so  far  similar  to  M.  Eloin's  lamp,  but  it  had 

ass  cylinder  the  whole  length  of  the  lamp  ;    it  was  first  made 

I  both  a  glass  and  a  gauze  cylinder,  but  afterwards  glass  only 

used. 

Mr.  Blackwell  believed  that  he  had  seen  Mr.  Eoberts's  lamp, 

he  was  not  fully  acquainted  with  it.     The  long  glass  cylinder 

Id  be  a  great  objection,  and  very  liable  to  be  broken  and  cause 

losion.      The  glass  cylinder  of  the  lamp  now  introduced  was 

he  thought,  at  all  objectionable;  it  was  very  strong   and 

%  and  even  if  many  cracks  were  produced,  it  would  still  be 

ad  together  by  the  brass  rims  at  the  top  and  bottom. 

The  Chairman  observed,  there  must,  he  thought,  have  been 

e  particular  objection  to  Mr.  Roberts's  lamp,  or  it  would  have 

1  more  generally  used.     The  lamp  of  M.  Eloin  certainly  gave 
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a  very  superior  light  to  the  other,  and  he  thought  it  was  also  safer. 
A  crack  in  the  glass  would  he  visible  and  show  itself^  but  it  would 
not  in  the  gauze  of  the  ordinary  lamp. 

Mr.  Clift  said  there  could  be  no  question  that  the  lamp  of 
M.  Eloin  was  much  better  and  safer  than  the  Davy  lamp,  as 
there  was  no  wire  gauze  to  heat,  and  endanger  an  explosion 
of  gas.  It  was  both  safer,  and  gave  a  much  better  light.  He 
supposed  that  the  objection  to  the  use  of  the  lamp  of  Mr. 
Roberts  was,  the  great  liability  for  the  long  glass  cylinder  to  be 
broken  by  the  men,  for  he  did  aot  hear  that  it  had  ever  come 
into  general  use. 

Mr.  Blackwell  observed  that  he  would  be  glad  to  make  a 
comparison  before  a  future  meeting  between  the  lamp  of  M. 
Eloin  and  any  other  safety  lamps  in  use  in  the  mining  districts. 

A  vote  of  thanks  was  passed  to  Mr.  Blackwell  for  his  paper. 


The  Chairman  announced  that  the  Ballot  Lists  had  been 
opened,  and  the  following  new  Members,  &c.,  were  duly  elected : 

Members  : 
Peter  W.  Barlow.  London. 
William  H.  Barlow,  Derby. 
Edward  Dixon,  London. 
Henry  Johns,  Smethwick. 
Thomas  Eobinson,  Brierley  Hill. 

Honorary  Member: 
John  Douglas  Payne,  Walsall. 

The  Meeting  then  terminated. 
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PROCEEDINGS. 


The  Fifth  Annoal  General  Meeting  of  the  Members 
'was  held  at  the  House  of  the  Institution,  Newhall  Street,  Bir- 
mingham, on  Wednesday,  28th  January,  1852,  J.  E.  McConnell, 
Esq.,  Vice-President,  in  the  Chair. 

The  Minutes  of  the  last  General  Meeting  were  read  by  the 
Secretary,  and  confirmed. 

The  Chairman  then  read  the  following 

KEPORT  OF  THE  COUNCIL, 

AT    THE    FIFTH    ANNUAL    MEETING    OF    THE 
INSTITUTION  OF  MECHANICAL  ENGINEEKa 


The  Council  have  the  pleasure  of  meeting  the  Members  on 
this  Fifth  Anniversary  of  the  establishment  of  the  Institution, 
and  of  congratulating  them  on  its  continued  prosperity  and  in- 
creasing efficiency  in  promoting  the  objects  for  which  it  was 
founded. 

The  number  of  Members,  &c ,  for  the  last  year  is  203,  of 
whom  15  are  Honorary  Members,  and  4  Graduates. 

The  Financial  statement  of  the  affairs  of  the  Institution  for 
the  year  ending  8  ist  December,  1851,  shows  a  Balance  in  the 
Treasurers  hands  of  £202  15s.  2d.,  after  the  payment  of  all 
accounts  due  to  that  date.  The  Finance  Committee  have  exa- 
mined and  checked  all  the  receipts  and  payments  of  the  Institu- 
tion for  the  last  year,  1851,  and  have  reported  that  the  following 
Balance  Sheet,  rendered  by  the  Treasurer,  is  correct. 


Digitized  by  VjOOQ IC 


4  ANNUAL   REPORT. 

The  Ooancil  have  the  pleasure  of  annoancing  that  the  follow- 
ing donations  to  the  library  of  the  Institution  have  been  received 
during  the  past  year  : — 

D.  K.  Clark,  on  Bailway  Machinery,  from  the  Author. 

W.  Fairbaim,  Lectures  on  the  Construction  of  Boilers   and 

on  Boiler  Explosions,  from  the  Author. 
H.  Lund  on  the  Law  of  Patents,  from  the  Author. 
J.  Weale,  Dictionary  of  Terms  in  Engineering,  &c.,  from  the 

Editor. 
Minutes  of  Proceedings  of  the  Institution  of  Civil  Engineers. 
The  Mechanic's  Magazine,  from  the  Editor. 
The  Practical  Mechanic's  Journal,  from  the  Editor. 
The  Civil  Engineer  and  Architect's  Journal,  from  the  Editor. 
The  Artizan,  from  the  Editor. 
The  Mining  Journal,  from  the  Editor. 
The  London  Journal  of  Arts,  from  the  Editor. 
The  Patent  Journal,  from  the  Editor. 
Bust  of  Thomas  Telford,  by  Mr.  Peter  HoUins. 
Portraits  of  Messrs.  George  Stephenson,  Bobert  Stephenson, 

Joseph  Locke,  and  George  P.  Bidder,  from  Mr.  Henry 

Wright. 

The  Council  cannot  but  record  their  sense  of  the  value  and 
interest  of  the  papers  that  have  been  presented  to  the  Institution 
during  the  last  year,  and  their  thanks  to  the  authors  of  the  papers 
for  the  useful  practical  information  they  have  furnished  to  the 
Institution.  They  have  good  prospect  of  continued  advancement 
in  the  importance  and  number  of  the  communications  brought 
before  the  Institution,  and  have  promises  of  several  valuable 
papers  for  the  ensuing  year. 

The  following  papers  have  been  read  at  the  Meetings  in  the 
last  year :— r 

The  Improvement  of  the  Construction  of  Bailway  Carrying 
Stock,  by  W.  A.  Adams,  Birmingham. 
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An  Improved  Water  Meter,  by  W.  Parkinson,  London. 

The  Locomotive  Workshops  of  the  Manchester,  Sheffield,  and 

Lincolnshire  Bailway,  by  B.  Peacock,  Manchester. 
An  Improved  Vacuum  Gauge  for  Condensing  Engines,  by 

F.  Bramwell,  London. 
An  Improved  Axle  Box  for  Bailway  Engines  and  Carriages, 

by  J.  Barrans,  London. 
The  Ventilation  of  Coal  Mines,  by  Benjamin  Gibbons,  Dudley. 
A  New  Machine  for  Blooming  Iron,  by    Joseph    Beasley, 

Smethwick. 
The  Improvements  in  Locks  in  the  United  States  of  America, 

by  P.  B.  Hodge,  London. 
Improvements  in  the  Construction  of  Bailway  Waggons,  by 

H.  H.  Hensou,  London. 
A  New  Begenerativo  Condenser  for  High  Pressure  and  Low 

Pressure    Steam    Engines,   by   C.   W.   Siemens,   Bir- 
mingham. 
A    New    Blowing  Engine  Working  at  High  Velocities,  by 

Archibald  Slate,  Dudley. 
An  Improved  Mode  of  Moulding  Bailway  Chairs,  by  E.  A. 

Cowper,  Birmingham. 
A  New  Pendulous  Beciprocating  Steam  Engine,  by  J.  A. 

Shipton,  Manchester. 
The  Preservation  of  Timber  by  Creosote,  by  J.  E.  Clift,  Bir- 
mingham. 
A  New  Equilibrium  Canal  Lift,  by  A.  Slate,  Dudley. 
An  Improved  Miner's   Safety  Lamp,   by  S.  H.  Blackwell, 

Dudley. 

The  Council  are  desirous  to  urge  particularly  on  the  Members 
the  preparation  of  papers  on  some  engineering  subjects  that  have 
come  under  their  attention,  either  as  improvements  in  construc- 
tion, or  the  results  of  experience  and  practical  working ;  and  they 
would  especially  call  attention  to  the  investigation  of  the  follow- 
ing important  subjects : — 
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6  ANNUAL    REPORT. 

The  Explosions  of  Steam  Boilers. 

The  Relative  Economy  of  Stationary  Engines  for  Manufac- 
turing and  Mining  Purposes. 

The  Best  Oonstraction  of  Marine  Engine  Boilers. 

The  Comparison  of  Paddle-wheels  and  Screw  Propellers. 

The  Construction  of  Iron  Steam  Vessels. 

The  Prevention  of  Explosions  in  Mines. 

Improvements  in  the  Construction  of  Railway  Carrying 
Stock. 

Improvements  in  Corn  Mills. 

Improvements  in  Self-acting  Tools,  and  Workshop  Economics. 

A  further  list  of  proposed  subjects  for  papers  is  appended ; 
and  the  Council  hope  that  all  the  Members  will  endeavour  to 
prepare  communications  on  some  professional  subjects  that  will 
be  serviceable  and  interesting  to  the  Institution,  for  the  mutual 
advantage  and  information  of  the  Members,  as  well  as  the  general 
advancement  of  the  interests  of  manufactures  and  commerce. 
They  also  invite  the  Members  to  aid  as  much  as  possible  in 
increasing  the  utility  of  the  Institution  by  the  formation  of  a  col- 
lection of  mechanical  models  and  drawings,  and  books  for  the 
library,  with  indicator-cards  from  steam  engines,  and  statistical 
returns  of  the  working  of  engines,  &c.,  so  as  to  render  the  Insti- 
tution a  complete  place  for  reference  on  mechanical  subjects. 

The  Council  refer  with  satisfaction  to  the  Meeting  of  the 
Institution  that  was  held  in  London  in  the  last  year,  during  the 
Great  Exhibition  of  Industry,  at  which  a  number  of  distinguished 
foreign  engineers  and  scientific  men  were  present,  including 
Foreign  Jurors  of  the  Exhibition,  and  they  were  afterwards  enter- 
tained at  a  dinner  given  by  the  Members  of  the  Institution,  in 
celebration  of  the  occasion,  at  which  170  of  the  members  and 
their  friends  were  present,  forming  an  interesting  and  agreeable 
assembly. 

The  OflBcers  of  the  Institution,  and  Five  of  the  Members 
of  the  Council  in  rotation,  go  out  of  office  this  day,  according 
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.w  tue  Rules,  and  the  ballot  will  be  taken  at  the  present  Annual 
Meeting  for  the  election  of  the  Officers  and  Council  for  the  ensu- 
ing year. 


The  Chairman  observed,  that,  on  the  present  occasion  of  their 
fifth  anniversary,  they  could  look  back  with  great  satisfaction  to 
the  progress  of  the  Institution,  and  the  warmest  expectations  of 
its  originators  had  certainly  not  been  disappointed.     Many  valu- 
able papers  had  been  brought  out  by  the  Institution  of  mutual 
advantage  to  the  members,  and  often  productive  of  useful  sugges- 
tions to  the  authors  of  the  papers  from  the  discussions  that  took 
place  at  the  meetings.     Ho  trusted  that  what  had  been  begun  so 
well,  would  be  carried  on  in  the  same  spirit,  for  the  Institution 
might  be  considered  as  still  only  in  its  infancy  ;  and  it  was  the 
duty  of  all  the  members  to  assist  and  support  the  Institution,  by 
furnishing  all  the  information  in  their  power.     Such  a  means  of 
developing  mechanical  knowledge  and  manufacturing  energy,  as 
this  Institution  afforded,  would  prove  a  commercial  advantage  to 
the  country  generally,  and  they  could  only  succeed  in  keeping 
their  national  position  in  machinery  and  manufactures,  by  uniting 
together  in  the  encouragement  of  such  Institutions.     The  promi- 
nent position  of  this  country  in  the  markets  of  the  world,   was 
maintained  principally  by  the  development  of  those  mechanical 
resources  which   economise  labour;  and  last    years  Exhibition 
showed  them  pretty  plainly,  that  to  maintain  that  position  they 
must  energetically  follow  out  the  course  of  improvement  which 
had  first  given  England  her  supremacy.     The  Chairman  hoped 
their  numbers  would  be  increased  by  younger  members,  in  the 
class  of  graduates,  who  would  be  of  good  service  to  the  Institu- 
tion, to  rise  up  in  time  and  succeed  to  the  places  of  the  older 
Members.       Every  practical  man   had  daily  passing  under  his 
notice  much  of  valuable  information,   which  would  be  serviceable 
to  the  Institution,  and  he  hoped  that  every  Member  would  com- 
municate such  practical  information,    and  avail  himself  of  the 

Digitized  by  VjOOQ IC 


8  ANNUAL    REPORT. 

assistance  of  the  Secretary  for  the  purpose,  who  would  afford  every 
facility  in  preparing  itj  as  it  often  occurred  that  those  who  had 
the  most  information  to  communicate  had  the  least  time  to  spare 
for  it,  or  they  were  not  aware  that  the  information  would  he  ser- 
viceahle  to  the  Institution. 

Mr.  Thornton  moved  the  adoption  of  the  Beport,  and  observed 
that  he  considered  the  progress  and  the  present  position  of  the 
Institution  was  very  satisfactory. 

Mr.  Henson  seconded  the  motion,  which  was  passed. 

Mr.  Shanks  moved  a  vote  of  thanks  to  the  Council  of  the 
Institution,  for  their  services  during  the  past  year,  which  was 
seconded  by  Mr.  Garland,  and  passed. 

The  Chairman  then  announced  that  the  ballot  papers  had 
been  opened  by  the  Committee  appointed  for  the  purpose,  and 
the  following  Officers  and  Members  of  Council  were  elected  for 
the  ensuing  year.  He  observed  that  the  Committee  had  reported 
that  a  number  of  the  ballot  papers  sent  in  by  the  Members  had 
to  be  rejected  as  informal,  because  the  Members  had  sent  the 
papers  blanks  without  indicating  the  names  that  they  voted  for. 

President : 
Robert  Stephenson,  M.P.,  London. 

Vice-Presidents : 
Charles  Beyer,  Manchester. 
J.  E.  McConnell,  Wolverton. 
John  Penn,  London. 

Council  : 
Matthew   Kirtley,  Derby. 
John  R.  McClean,  London. 
R.  B.  Preston,  Liverpool. 
John  Ramsbotiom,  Manchester. 
Thomas  Walker,  Wednesbury. 

fin  addition  to  the  Ten  Members  of  Council  who  continue 
in  office  from  the  last  year,) 
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Treasurer : 
Charles  Geach,  M.P.,  Birmingham. 

Secretary  : 
William  P.  Marshall,  Birmingham. 


The  Chairman  announced  that  the  following  new  Members 
were  also  elected  :■ — 

Members : 

Alexander  Brogden,  Walsall. 
Henry  Brogden,  Walsall. 
Thomas  Fairbairn,  Manchester. 
James  Fenton,  Low  Moor. 
James  Holcroft,  Shut  End. 
Reuben  Plant,  Brierley  Hill. 


The  following  paper,  by  Mr.  Andrew  Lamb,  of  Southampton, 
was  then  read : — 

ON  AN  IMPROVED  BOILER  FOR  MARINE  ENGINES. 

The  Peninsular  and  Oriental  steam  ship  "Ripon"  is  an  iron 
vessel,  of  1650  tons  burthen,  and  has  two  oscillating  engines,  of 
460  nominal  horse-power.  She  was  built  by  Messrs.  Wigram,  in 
1846,  and  was  supplied  with  her  machinery  by  Miller,  Ravenhill, 
and  Co.,  of  London,  since  which  time  she  has  been  almost  constantly 
running  for  the  conveyance  of  the  Indian  Mail  from  Southampton 
to  Alexandria. 

Her  average  speed  for  the  whole  of  this  time  has  been  91  knots 
per  hour.  The  boilers  fitted  to  her  by  Messrs.  Miller  were  of  the 
ordinary  tubular  construction.  They  were  in  six  pieces,  had  twelve 
furnaces,  and  744  iron  tubes,  3J  inches  outside  diameter,  6  feet  0 

B 
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inches  long.  The  total  fire-bar  surface  was  212  square  feet,  and  the 
heating  surface  in  tubes  8798  square  feet,  reckoning  the  whole  of  tiie 
inside  surface  of  the  tubes  as  effective. 

The  sectional  area  through  tubes  equals  36^  square  feet ;  ditto 
through  ferules,  28  square  feet.  These  boilers  were  loaded  to  10  lbs. 
on  the  square  inch,  but  in  consequence  of  being  deficient  in  steam, 
the  actual  pressure  attained  at  sea  very  seldom  exceeded  4  to  6  Ibs- 
when  full  steam  was^admitted  to^the  cylinders ; — ^of  course  the  en- 
gineers found  it  to  their  advantage  to  keep  it  up  to  its  full  pressure 
by  working  the  expansion  apparatus.    This  deficiency  of  steam  was 
found  to  be  an  increasing  evil,  the  cause  for  which  may  be  satisfac- 
torily explained  by  a  little  consideration  of  the  modtu  operandi  of 
the  sea-going  Tubular  Boiler.    When  commencing  running  with  the 
boilers  new,  for  a  short  period,  dependent  on  the  species  of  coal 
consumed,  the  Tubular  Boiler  offers  its  greatest  advantage,  and  is 
in  fact  (when  properly  constructed)  as  good  an  apparatus  for  evapo- 
rating water  as  can  be  imagined  applicable  to  marine  purposes. 
The  tubes  give  an  immense  amount  of  heating  surface,  and  in  small 
compass,  and  from  their  form  are  capable  of  resisting  great  pressure, 
but  after  three  or  four  days*  steaming  these  advantages  diminish. 
The  tubes  have  an  accumulation  of  soot  and  light  ashes  inside  them, 
which  by  reducing  their  sectional  area,  sometimes  from  ftO  to  75 
per  cent,  diminishes  the  draught  through  the  furnaces  in  the  same 
proportion,  and  also  reduces  the  effective  heating  surface  to  the  same 
serious  extent.     This  accumulation  depends  in  quantity  very  much 
upon  the  coal.     On  one  occasion  the  author  was  present  in  a  vessel 
with  Tubular  Boilers,  burning  Scotch  coal,  and  they  actually  came 
to  a  dead  stand,  after  only  sixty  hours'  steaming,  the  tubes  being 
nearly  choked  up,  and  requiring  to  be  swept.     When  Tubular 
Boilers  have  made  a  few  voyages  at  sea,  the  outside  of  the  tubes 
becomes  encrusted  vnth  saline  matter,  which  gradually  accumulates 
upon  them,  chiefly  upon  their  bottom  sides,  and  which  hitherto 
it  has  been  found  impossible  to  remove  by  any  other  means  than 
scaling  them  mechanically.     The  situation  of  the  tubes  (row  over 
row)  prevents  this  being  accomplished,  excepting  upon  the  upper 
tiers,  and  the  consequences  are  that  the  tubes  become  coated  with 
a  crust  ^  or  f  ths  of  an  inch  thick,  and  the  tube-plates  also,  which 
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from  its  non-conducting  nature  greatly  retards  the  transmission  of 
the  heat  through  it,  and  the  tuhe-plates  hecoming  hot,  crack  and 
blister,  and  deteriorate  very  rapidly. 

For  the  Boiler  to  be  described  in  the  present  paper,  invented 
and  patented  by  the  author  in  conjunction  with  Mr.  Summers,  the 
following  advantages  are  claimed  over  its  Tubular  competitor : — 

1st. — That,  while  it  possesses  an  equal  amount  of  heating  surface 
in  the  same  space  as  Tubular  Boilers,  it  is  free  from  the  evil  of 
choking  with  inside  deposits  of  soot  and  ashes,  because  the  flues 
being  in  one  sheet  for  their  whole  depth,  the  deposit  falls  into  the 
bottom  of  the  flues,  and  is  swept  by  the  draught  through  into  the 
uptake,  and  thence  into  the  chimney. 

This  Improved  Boiler,  as  adopted  in  the  "Ripon,"  is  shown  in 
the  accompanying  drawings,  Figs.  1,  2,  and  8,  Plates  48  and  49. 

Fig.  1  is  a  transverse  section,  Fig.  2  a  longitudinal  section,  and 
Fig.  3  a  plan,  all  taken  through  the  flues.  AA  are  the  Improved 
Flues,  which  are  fixed  in  the  same  position  as  the  tubes  in  an 
ordinary  Tubular  Boiler,  forming  the  return  passage  from  the  back 
of  the  fire-grate  at  C  to  the  uptake  at  D.  EE  are  the  smoke-box 
doors,  and  F  the  fire  doors.  The  flues  AA  are  flat  rectangular 
chambers,  6  feet  9  inches  long,  and  3  feet  3  inches  high,  open  at 
each  end  where  they  are  fixed  to  the  boiler.  There  are  seven  of 
these  flues  to  each  fire-grate ;  the  smoke  spaces  are  If  inches  wide, 
and  the  water  spaces  3|  inches.  The  sides  of  the  flues  are  i  inch 
thick,  and  they  are  supported  by  the  stays  BB,  fixed  inside  the  flues. 
From  this  circumstance  of  there  being  no  stays  or  other  projec- 
tions in  the  water  spaces,  an  important  advantage  is  gained — that 
no  nucleus  is  offered  round  which  the  scale  can  collect,  and  no 
impediment  to  interfere  with  the  complete  and  rapid  cleansing  of 
the  water  spaces  from  scale  by  means  of  the  ordinary  scrapers. 

In  another  arrangement  of  these  Boilers,  adapted  for  large  screw 
steamers,  and  also  for  war  steamers,  the  flues  are  placed  alongside 
the  fmnaees  and  at  the  same  level,  instead  of  over  the  furnaces  as 
in  the  engravings,  which  arrangement  protects  the  boilers  from  shot, 
hy  keeping  them  below  the  water  line. 

In  these  Improved  Boilers  the  same  amount  of  heating  surface 
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can  be  obtained  in  the  same  capacity  of  boiler  as  with  tubes ;  the 
only  difference  is,  that  if  the  tubes  are  f^ths  of  an  inch  thick  they 
will  of  course  be  rather  lighter  than  ^inch  plates ;  but  this  difference 
as  compared  with  the  gross  weight  is  so  small  as  to  be  unimportant. 
In  the  event  of  any  accident  to  any  of  the  flues,  they  may  be  taken 
out,  separately  or  collectively,  to  be  repaired  or  replaced  with  new 
ones ;  but  from  the  facility  with  which  they  can  be  kept  clean,  they 
ought,  as  in  the  old-fashioned  flue  boilers,  to  wear  out  the  shell ; 
the  length  of  time  being  remarkabler  that  a  thin  plate  will  last,  if 
kept  clean,  and  never  overheated. 

The  last  boilers  of  this  construction  examined  by  the  author 
were  those  of  the  "  Tagus, "  280  horse-power,  and  in  those  boilers, 
after  six  days  steaming,  the  deposit  was  only  three  inches  deep  in 
the  bottom  of  each  flue ;  and  the  total  depth  of  the  flues  being  3  feet 
8  inches,  it  follows  tliat  she  had  only  thus  lost  about  6  per  cent,  of 
sectional  area. 

2nd. — That  the  Improved  Flues,  from  having  no  projection 
either  of  rivet  heads  or  stays  in  the  water  spaces,  offer  no  obstruc- 
tions whatever  to  the  scaling  tool,  and  are  as  easily  kept  clean  as 
any  part  of  any  boiler  can  possibly  be,  tliereby  entirely  removing 
the  evil  of  a  loss  of  heat  through  non-conducting  deposits,  and  very 
much  increasing  the  durability  of  the  Boiler. 

Brd. — That  the  water  spaces  between  the  flues  being  compara- 
tively large,  and  the  sides  of  the  flues  perfectly  vertical,  the  circula- 
tion of  water  in  the  boiler  must  necessarily  be  much  more  perfect 
than  amongst  a  number  of  tubes  (amounting  sometimes  to  thou- 
sands), where  the  water  has  to  wend  its  way  in  and  out  in  curved 
lines.  This  greater  perfection  of  circulation,  the  author  thinks, 
must  add  greatly  to  the  effectiveness  of  the  heating  surface  in  the 
Improved  Flues. 

It  must  be  here  mentioned  that  these  advantages  do  not  now 
rest  upon  theory  only,  and  that  they  have  been  fully  realized  by 
experience. 

The  first  boilers  fitted  with  these  flues  were  those  in  the  "  Pacha," 
in  October,  1849,  similar  to  those  shown  in  the  engravings,  and  up 
to  the  time  of  her  unfortunate  loss  these  boilers  gave  entire  satis- 
faction.     Then  followed  a  small  boat,  in  January,  1860,  and  the 
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•*  Tagus,"  in  August,  1860,  since  which  their  success  has  been  rapid, 
as  a  proof  of  which,  numerous  vessels  of  different  companies  are 
being  and  have  been  fitted  with  them.  The  "  Tagus "  has  now 
tlie  oldest  of  the  boilers,  and  there  is  in  no  part  of  them  any  signs 
of  deterioration  whatever ;  in  fitct  they  are  in  every  way  perfect- 
There  has  never  been  any  leakage,  and  the  consumption  of  fuel  is 
less  than  with  her  former  Tubular  Boilers. 

The  Improved  Boilers  now  fitted  to  the  "Ripon,"  were  manufac- 
tured by  Messrs.  Summers,  Day,  and  Baldock,  of  Southampton,  and 
are  in  four  parts ;  the  boilers  being  placed  in  the  wings,  two  for- 
ward of  the  Engines,  and  two  afb,  the  stokeholes  are  thus  in  midships. 
The  space  occupied  by  these  new  boilers  is  the  same  as  the  old 
ones,  the  arrangement  mentioned  having  economised  as  much  room 
as  the  increased  size  of  boilers  required,  so  that  the  same  quantity 
of  coal  is  carried  in  the  same  space  as  before.  The  new  boilers 
have  16  furnaces  and  246  square  feet  of  fire-bar  surface:  112  flues, 
3  feet  9  inches  deep  X  6  feet  8  inches  long,  being  5440  square  feet 
of  heating  surface,  reckoning  the  whole  inside  surface  (as  in  tubes) ; 
the  sectional  area  through  the  flues,  deduct'ing  the  stays  =  54 
square  feet. 

This  large  sectional  area  can  be  diminished  at  pleasure  by  a 
grating  damper,  which  is  hung  at  the  front  end  of  the  flues,  and 
extends  about  10  or  12  inches  down  them,  and  which  is  worked  by 
handles  placed  outside  the  boiler  and  between  the  hinges  of  the 
smoke-box  doors.  The  Engineer  can  thus  regulate  the  intensity 
of  his  draught  at  pleasure,  according  to  the  variety  of  coal  in 
use,  &c.,  &c. 

The  new  boilers  of  the  '*  Eipon  "  are  loaded  to  13  lbs.  per  square 
inch  ;  the  flues,  being  strongly  stayed  inside,  would  of  course  resist 
a  far  higher  pressure  with  perfect  safety  ;  in  fact,  if  required,  they 
might  easily  be  sufficiently  stayed  to  resist  steam  of  any  pressure. 

The  **  Ripon,"  at  the  same  time  that  the  boilers  were  altered, 
had  her  common  radial  paddle-wheels  replaced  by  feathering  ones, 
which  consequently  added  much  to  the  speed  of  the  vessel. 

The  best  speed  of  the  engines  of  tlie  "  Ripon  "  with  the  old 
arrangement  was  about  15  revolutions  per  minute,  and  that  of  the 
vessel  about  1 0  knots  per  hour  when  quite  light. 
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On  the  trial  at  the  measured  mile,  December,  1861,  the  vessd 
was  drawing  16  feet  3  inches  forward,  and  16  feet  7  inches  aft ;  she 
had  all  her  coal,  (4S2  tons,)  on  board,  her  water,  and  some  caiigo,  and 
consequently  was  pretty  deep  loaded.      The  speed  of  the  engines 
was  10^  revolutions  per  minute,  and  of  the  vessel  11-3  knots  per 
hour.     Had  she  been  light,  as  in  the  former  trial,  she  would  have 
probably  gone  over  12  knots.     It  appears,  therefore,  that  the  im- 
provement in  speed  may  be  fairly  stated  as  2  knots  per  hour.     The 
cylinders  of  the  engines  are  76  inches  diameter  X  7  feet  stroke. 
Their  nominal  horse-power  formerly,  at  15  revolutions,  woold  be 
404,  and  at  19^  revolutions,  526  horse-power,  so  that  the  new  boilers 
have  given  }  22  horse-power  more  steam,  of  an  increased  pressure 
of  3  lb.  per  square  inch,  than  the  old  ones.     As  the  **  Eipon  "  is  now 
making  her  first  voyage  with  the  new  boilers,  the  author  cannot 
speak  with  any  certainty  about  her  consumption,  but  will  give  some 
details  of  the  Peninsular  and  Oriental  steam  ship  *'  Bentinck,'*  which 
has  made  one  voyage  to  Alexandria  and  back  with  these  improved 
boilers  and  feathering  wheels. 

The  "  Bentinck  "  is  a  wooden  vessel,  built  by  Wilson,  of  Liver- 
pool, in  1844;  and  has  side  lever  Engines,  by  Fawcett  and  Preston. 
She  is  2020  tons  burthen,  and  her  Engines  are  520  nominal  horse- 
power ;  her  original  boilers  were  of  the  old  flue  construction,  and 
were  loaded  to  6  lbs.  per  inch  pressure ;  her  average  speed  at  sea 
was  0  knots  per  hour,  and  her  Engines  about  14  revolutions  per 
minute. 

The  speed  of  the  "  Bentinck  "  is  now  over  11  knots  per  hoar. 
The  former  consumption  was  about  37  cwt.  per  hour ;  the  present 
consumption  averages  about  38  cwt.  per  hour. 

It  must  be  noticed  that  the  Peninsular  and  Oriental  Company 
had  Tubular  Boilers,  with  brass  tubes,  made  for  this  vessel  by 
Messrs.  Bury,  Ciurtis,  and  Kennedy,  and  that  they  were  brought  to 
Southampton,  and  placed  in  the  **  Pottinger,"  a  sister  ship  of  the 
"Kipon,"  and  of  450  nominal  horse-power,  with  common  paddle- 
wheels  :  these  boilers  are  of  exactly  the  same  size  as  the  patent 
boilers  made  for  the  '*  Bentinck,"  and  they  are  both  loaded  to  the 
same  pressure,  viz.,  12  lbs.  per  square  inch ;  they  have  each  made 
a  passage  to  Alexandria  and  back,  and,  contrary  to  all  expectation, 
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the  "  Bentinck,"  although  her  Engines  are  70  horse-power  nominal 
more  than  the  "  Pottinger,"  and  are  working  up^to  108  horse-power 
more,  has  consumed  128  tons  less  coal  than  the  **  Pottinger,"  and 
performed  the  same  distance  in  68^  hours  less  time.  This  result 
of  diminished  consumption  is  undeniably  a  fair  triumph  for  the 
Improved  Boiler ;  as  for  the  improved  speed  of  the  vessel,  it  must 
share  the  honours  with  the  feathering  paddle-wheel ;  the  "  Bentinck  " 
has  made  the  fiEistest  passage  on  record  between  the  ports  mentioned, 
hi  conclusion,  the  author  can  only  say  that  he  believes  the  Im- 
proved Boiler  described  in  the  present  paper  will  become  the  Marine 
Boiler  generally  adopted ;  as  its  merits  are  evident,  and  its  cost  is 
not  greater  than  Tubular  Boilers;  while  its  durability  will,  he 
thinks,  he  very  much  greater.  He  will  be  happy  to  show  these 
Boilers  to  any  of  the  Members  of  the  histitution  who  may  have 
an  opportunity  of  seeing  those  that  may  be  in  port,  or  at  Mr. 
Summers'  Works  at  Southampton,  where  there  are  now  five  sets 
in  course  of  construction.  It  may  be  added  that  the  screw  steam 
ship,  "Glasgow,"  by  Messrs.  Todd  and  Mc  Gregor,  which  has  lately 
made  the  fEtstest  run  across  the  Atlantic  of  any  screw  steamer,  is 
fitted  with  these  Improved  Boilers ;  Messrs.  Todd  and  Mc  Gregor 
have  made  a  considerable  number  of  them,  and  they  are  also  being 
manuflEtctured  by  several  others.  It  is  intended  also  to  adopt  these 
boilers  in  the  "  Himalayah,"  now  building  for  the  Peninsular  and 
Oriental  Co.,  of  upwards  of  8000  tons  burthen,  to  be  propelled  by 
oscillating  engines  of  1200  horse-power; 

[_Not$4 — The  details  of  constmction  of  the  flaes  are  shown  in  Figs.  4,  5,  and 
6,  Plate  40;  Fig.  4  is  a  transverse  section,  Fig.  6  a  plan,  and  Fig.  6  a  longitu. 
dinal  section  of  a  portion  of  the  flues  AA,  shown  on  an  enlarged  scale.  They  are 
constmcted  of  two  flat  side  plates  GG,  i  inch  thick,  flanged  outwards  at  each  end 
to  meet  the  plates  of  the  ac^oining  flues ;  the  top  and  bottom  of  each  flue  is 
formed  by  the  curved  connecting  piece  HH,  which  is  riTetted  to  each  side  plate, 
and  flanged  outwards  at  the  ends.  The  stays  or  studs  BB,  are  1 1  inch  diameter, 
and  are  rivetted  at  each  end  through  the  side  plates.  The  rivets  connecting  the 
plates  together,  and  the  stays,  are  all  put  into  their  holes  simultaneously,  and 
rivetted  cold  by  machinery.  These  rivets  have  countersunk  heads  and  points, 
and  when  placed  in  their  holes  in  the  plates  a  steel  bar  is  inserted,  which  fills  up 
the  space  between  the  heads  of  the  two  rows  of  rivets,  and  acts  as  a  bolster  to  the 
rivetting  tool.  By  this  means  one  stroke  of  the  machine  closes  two  rivets  et 
once,  and  in  the  most  efficient  manner.     The  flues  are  afterwards  rivetted 
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together  with  coTering  strips  1 1  at  their  ends,  and  they  are  inserted  Into  tiie 
boiler  in  sets  of  seven  or  eight,  according  to  the  size  of  the  furnace. 

Any  one  of  the  flues  can  be  readily  extracted  from  the  others  if  necessary,  by 
cutting  away  the  two  rows  of  rivets  at  each  end,  and  drawing  it  out  through  the 
front  smoke-box  doors  E.  The  experience  which  they  have  had  of  the  dorabilitj 
of  the  flues  has,  however,  satisfied  those  who  have  employed  them,  that  unless 
gross  negligence  of  the  engineer  should  (through  want  of  water)  allow  them  to 
get  red  hot,  the  flues  will  in  all  cases  outlive  the  shells  in  which  they  are 
inserted.] 


The  Chairman  observed,  that  he  regretted  Mr.  Lamb  was 
not  able  to  be  present  on  that  occasion,  to  have  given  them 
further  practical  information  on  the  construction  of  the  boiler 
that  was  desirable.  He  had  not  explained  in  the  paper  the  mode 
of  fixing  the  flue-plates  to  the  boiler  at  each  end,  and  the  mode  of 
removing  and  replacing  the  flues  when  required. 

Mr.  Shanks  said  he  had  seen  some  of  the  boilers  on  that  plan 
making  at  Glasgow,  but  was  not  acquainted  with  the  practical 
details. 

Mr.  E.  Jones  thought  there  would  be  some  practical  difficulty 
in  removing  and  replacing  the  flue- plates  without  disturbing  the 
boiler. 

The  Chairman  remarked,  that  the  question  of  principle  in 
the  boiler  was  one  of  heating  surface,  and  there  was  certainly 
a  considerable  advantage  in  having  only  the  small  horizontal 
surface  at  the  bottom  of  the  flues  for  the  deposit  to  collect  upon, 
and  the  vertical  position  of  the  plates  allowed  the  freest  fall  for 
the  deposit  to  the  bottom. 

Mr.  CowPER  said  the  construction  of  the  boiler  reminded  him 
of  Hancock's  boiler,  which  was  invented  for  common  road  loco- 
motives ;  that  boiler  consisted  of  a  number  of  very  thin  flht 
chambers,  with  a  number  of  stays  passing  through  all  the  cham- 
bers, which  were  in  tension  instead  of  compression  as  in  Mr. 
Lamb's  boiler :  these  stays  passed  through  a  series  of  ferules,  or 
very  short  tubes,  forming  struts  both  inside  the  chambers  and 


Digitized  by  CjOOQ iC 


MARINE    BOILEB.  17 

between  them.  The  boiler  was  very  complioatecl,  from  having  so 
great  a  number  of  joints,  and  was  consequently  very  troublesome 
to  keep  steam-tight ;  but  it  was  a  very  effective  plan  for  generating 
steam,  and  very  economical  of  space  ;  the  air  came  away  from  the 
flaes  as  cool  as  in  a  locomotive  chimney.  A  short  narrow  flue  is 
equal  to  a  long  wide  flue,  as  in  the  large  flue  boilers,  for  extracting 
the  heat  out  of  the  air  passing  through  it,  as  the  whole  of  the  air 
is  brought  so  much  sooner  in  contact  with  the  sides  of  the  flue. 

Mr.  MiDDLETON  said  that  the  boiler  described  in  the  paper 
reminded  him  of  another  boiler  somewhat  similar  to  Hancock's, 
where  there  was  great  difficulty  in  keeping  it  steam-tight.  The 
bottom  of  the  flues  was  not  considered  so  good  a  heating  surface 
as  the  top  of  the  flues,  and  therefore  in  Mr.  Lamb's  boiler  the 
whole  of  the  sides  of  the  flues  should  not  be  calculated  as  efficient 
heating  surface :  he  thought  two  thirds  would  be  enough  to  take. 
Mr.  CowPER  observed,  that  would  be  merely  a  question  of 
what  value  was  put  upon  the  heating  surface  per  square  foot. 
Sut  there  would  be  more  loss  from  that  cause  in  tubes  than  in 
Lamb's  flues,  as  the  bottom  surface  of  each  tube  amounted  to  a 
fourth  or  more  of  the  whole  heating  surface ;  but  in  Lamb's  boiler 
the  bottom  surface  of  the  whole  flue  was  only  equal  to  the  bottom 
of  one  tube. 

The  Chairman  considered  it  desirable  to  obtain  further  parti- 
culars from  Mr.  Lamb  respecting  the  boiler,  and  its  relative 
evaporating  efficiency  as  compared  with  the  ordinary  tubular 
boiler. 

Mr.  Shanks  said,  that  Messrs.  Todd  and  McGregor  had  last 
year  built  for  the  Peninsular  and  Oriental  Co.,  two  vessels  exactly 
the  same  in  every  respect,  except  that  one  had  tubular  boilers  and 
the  other  Lamb's  flue  boilers :  they  were  both,  he  believed,  per- 
fonning  their  voyages  in  the  Indian  ocean,  and  they  would  supply 
an  excellent  means  of  making  a  comparison  between  the  two  con- 
structions of  boilers,  and  he  hoped  Mr.  Lamb  would  report  the 
results  of  this  trial  to  the  Institution. 

Mr.  Allan  suggested,  that  the  flues  might  be  put  in  with  a 
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flange  all  round  at  each  end,  like  the  mid-feather  in  a  locomotiTe 
firebox,  and  fixed  by  two  rows  of  rivets  down  each  water  space. 
The  rivet  heads  might  then  be  readily  cut  oflF  all  round  any  one 
flue,  and  the  flue  taken  out,  when  req[uired ;  and  a  new  flue  might 
then  be  inserted,  by  reaching  down  die  water  spaces  between  the 
flues  to  put  the  rivets  in. 

Mr.  CowPER  observed,  that  he  had  once  been  told  by  Mr. 
Preston,  of  Liverpool,  of  a  tubular  boiler  of  ordinary  construction 
in  a  steamer  on  the  Mersey,  which  did  not  make  steam  enough ; 
and  he  found  on  examination  that  the  tubes  were  all  set  solid 
together  with  the  deposit  formed  between  them,  so  much  so,  that 
he  cut  off  all  the  tubes  at  each  end  inside  the  tube-plates,  and 
took  them  all  out  in  one  mass. 

Mr.  Shames  said,  he  remembered  the  boilers  of  the  ''Caledonia" 
steamer,  after  seven  years*  work  across  the  Atlantic,  were  found  to 
be  still  in  good  condition,  and  with  very  little  scale  upon  them ; 
they  were  common  flue  boilers,  and  were  kept  clean  chiefly  by 
the  constant  use  of  the  brine  pump.  He  enquired  whether,  in 
stationary  boilers,  Bitterbandt's  plan  of  using  muriate  of  ammonia 
did  not  prevent  incrustation  ? 

The  Chairman  observed,  that  Ritterbandt's  process  only  re- 
moved the  carbonate  of  lime,  but  did  not  act  on  the  sulphate, 
which  formed  a  large  portion  of  the  deposit. 

Mr.  Cowper  said,  he  remembered  trying  that  plan  in  a  pair  of 
stationary  engine  boilers,  but  after  finding  that  it  caused  the 
engines  to  get  quite  rusted,  the  plan  was  abandoned. 

The  Chairman  proposed,  that  the  discussion  on  the  boiler 
should  be  adjourned,  and  Mr.  Lamb  be  requested  to  give  them 
the  further  information  respecting  it  fit  the  next  meeting;  he 
proposed  a  vote  of  thanks  to  Mr.  Lamb  for  his  communication, 
which  was  passed. 
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The  following  paper,  by  Mr.  William  Handley,  of  London, 
was  then  read : — 

ON  AN  IMPROVED  BREAK  FOR  RAILWAY  CARRIAGES. 

A  great  variety  of  Breaks  have  been  invented  for  stopping  Railway 
Carriages,  but  nearly  all  of  them  act  upon  the  same  general  principle, 
and  are  simply  difiEerent  methods  of  pressing  blocks  of  wood  against  the 
circumfBrence  of  the  wheel,  so  as  to  stop  its  revolution,  and  cause  the 
tire  to  slide  upon  the  rails. 

If  the  wheels  are  all  stopped,  the  friction  of  the  weight  of  the  car- 
riage sliding  upon  the  rails  is  the  whole  amount  of  breaking  power  that 
can  be  obtained  by  any  of  the  plans,  and  the  different  methods  used  to 
accomplish  this  add  no  power  for  stopping  the  carriages,  but  are  only 
different  wajs  of  pressing  the  break-blocks  c^ainst  the  tires,  for  the 
purpose  of  ensuring  greater  rapidity,  certainty,  and  uniformity  of  action, 
reducing  the  expenses  of  repairs,  and  the  jarring  on  the  carriage — or  to 
make  the  breaks  self-acting,  or  worked  in  combination. 

The  principal  object  to  be  obtained  is  to  have  the  blocks  always 
pressed  square  against  the  wheels,  and  with  a  uniform  pressure  on  all 
the  wheels  of  the  same  carriage  or  waggon,  &c. ;  unless  this  is  effected 
there  is  great  difficulty  in  stopping  the  wheels,  and  much  straining  is 
caused  upon  the  carriage.  In  the  earlier  breaks  the  block  is  suspended 
by  a  vertical  lever  from  the  frame  of  the  carriage  or  waggon,  Ac,  as 
shown  at  C  in  Fig.  1,  Plate  50,  the  block  A  being  shaped  to  the  circle 
of  the  wheel,  but  the  varying  height  of  the  frame  of  the  carriage,  from 
the  variation  in  the  weight  of  load  acting  on  the  springs,  causes  much 
inequality  in  the  fitting  of  the  break-block  to  the  wheel,  from  the  rela- 
tive level  of  the  break-block  and  the  wheel  being  changed,  as  shown  by 
the  dotted  line,  B  B ;  also,  the  action  of  the  springs  is  stopped  by  the 
pressure  of  the  break,  causing  violent  jarring  and  concussions,  iiyurious 
both  to  the  carriage  a;nd  the  road,  and  being  very  annoying  to  passengers. 

The  slide  break,  shown  in  Fig.  2,  was  invented  for  the  purpose  of 
remedying  these  defects.  The  relative  level  of  the  wheel  and  the 
break-block  is  preserved  unchanged,  by  the  break-block,  A,  sliding 
horizontally  upon  a  bar,  B  B,  which  is  carried  by  the  axle-boxes  at  each 
end,  C;  a  difficulty  is  experienced,  however,  in  preserving  an  equal 
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pressure  on  all  the  break-blocks,  on  account  of  the  unequal  wearing  of 
the  different  bearings. 

All  the  above  breaks  have,  however,  the  serious  objection  that  flat 
places  are  worn  upon  the  tires  of  the  wheels,  by  sliding  upon  the  rails, 
and  the  wheels  consequently  become,  to  a  certain  degree,  poljgonaL 
Any  deviation  from  the  circular  form  of  the  wheel  becomes  a  serious 
source  of  injury  both  to  the  rails  and  the  wheel,  from  the  amount  of 
concussions  caused  by  the  great  velocity  of  rolling,  and  the  great  weight 
carried;  this  also  causes  increased  expence  in  the  wear  of  the  tires 
and  rails. 

Fig.  3,  Plate  50,  shows  another  break,  invented  by  Mr.  Lee,  in 
1642;  the  wooden  break-block.  A,  is  made  of  a  triangular  form,  and  is 
pressed  both  against  the  wheel  and  the  rail  by  the  lever,  B,  which  is 
centred  upon  the  nave  of  the  wheel,  G,  by  means  of  a  ring  or  collar 
fitting  in  a  circular  groove  cut  round  the  nave ;  the  rubbing  face  of  the 
wood  block  is  shod  with  copper  or  iron.  The  connecting  rods,  D  D, 
have  adjusting  screws,  to  preserve  the  relative  position  of  the  break- 
block,  A,  and  the  wheel,  as  the  surface  of  the  block  wears  away. 

The  mechanical  arrangement  of  this  break,  it  will  be  perceived,  does 
not  admit  of  sufficient  pressure  being  applied  against  the  wheel  and  the 
rail  to  form  an  efficient  break ;  but  even  if  the  pressure  were  sufficient 
to  stop  the  wheel,  the  same  objection  would  still  apply  as  in  the  ordi- 
nary break,  namely,  flat  places  would  be  worn  on  the  wheel.  This 
break  was  tried  on  one  or  two  railways,  but  has  not  come  into  use. 

Fig.  4  shows  a  break  on  an  entirely  difiFerent  principle,  brought  out 
by  Mr.  Adams,  in  1 847  ;  this  consists  of  a  sledge,  A  A,  sliding  upon 
the  rails,  upon  which  the  whole  weight  of  the  carriage  is  thrown  by 
lifting  the  wheels  off  the  rails.  The  sledge  A  A  is  a  long  piece  of  iron, 
with  a  flange  at  each  end  to  guide  it  on  the  rails,  and  is  suspended  by 
two  links,  B  B,  from  the  iron  bar  0  0,  which  is  supported  by  the  links 
D  D,  and  bears  against  the  under  side  of  the  axle-box  at  each  end,  E  £; 
the  links  B  B  aro  in  the  form  of  a  parallel  rule,  and  when  they  are 
straightened  by  the  action  of  the  lever,  the  sledge  A  A  is  pressed  upon 
the  rails,  and  lifts  up  the  wheels  from  their  bearing  on  them.  Thii 
break  saves  the  wheels  from  being  worn  flat;  but  it  requires  great 
power  to  put  the  whole  weight  of  the  carriage  upon  the  sledge,  and  is 
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consequently  slow  in  action;  and  there  is  also  an  objection  to  it  in 
having  the  wheels  hanging  withont  anj  support  when  the  break  is  in 
action.  It  has  not  come  into  uso  in  England,  but  there  were  several 
breaks  on  the  same  principle  in  us<d  in  Belgium  for  some  time  previouslj. 

Handley's  Improved  Break,  the  subject  of  the  present  paper,  is 
Bbown  in  Figs.  5  and  6,  Plate  5 1..    This  break  is  on  the  same  principle 
as  the  ordinary  skid  used  on  coittmon  roads ;  the  two  iron  arms,  A  A, 
are  carried  by  the  axle,  B,  upon  which  a  brass  ring,  H,  is  fitted,  turning 
round  the  axle ;  and  at  the  ends  of  these  arms  are  fixed  the  shoes  or 
skids,  G  G,  one  of  which  is  made  to  pass  under  the  wheel,  whichever 
way  the  carriage  is  running,  raising  it  from  the  rails  by  turning  the 
lever  round  upon  the  axle.     The  shoe  is  made  the  breadth  of  the  tread 
of  the  wheel,  without  any  flange,  and  the  wheel  is  lifted  only  about  one 
eighth  of  an  inch  on  the  average,  so  that  the  flange  of  the  wheel  con- 
tinues as  efficient  and  secure  a  guide  upon  the  rails  as  in  the  ordinary 
case  of  a  wheel  stopped  from  revolving  by  the  pressure  of  a  break- 
block.     The  shoe  is  made  in  two  pieces :  the  upper  one,  C,  is  forged 
on  to  the  arm  A,  and  the  lower  piece,  D,  which  forms  the  skid,  is 
hinged  to  it  at  the  end.     The  object  of  this  construction  is  to  prevent 
the  shoe  from  touching  the  wheel  until  it  is  required  to  be  put  in  action  ; 
the  joint  opens  about  a  quarter  of  an  inch,  and  the  shoe  falls  away  from 
the  wheel  when  it  is  lifted,  being  stopped  by  the  bolt  E,  which  limits 
the  extent  of  its  opening;  and  round  this  bolt  is  placed  a  short  spiral 
spring,  to  keep  the  joint  open,  and  prevent  it  from  shaking  when  the 
carriage  is  running. 

The  wear  of  the  shoe  is  provided  for  by  inserting  two  small  dove- 
tailed pieces,  F  and  G,  at  the  points  where  the  wear  takes  place;  these 
pieces  are  slightly  tapered,  and  are  driven  into  their  places  from  the 
inner  side,  being  burred  or  rivetted  on  the  opposite  side,  where  they 
remsun  firmly  fixed,  having  no  tendency  to  work  loose.  The  lower 
piece  is  of  wrought,  iron,  which  is  found  to  answer  best  for  the  purpose ; 
the  upper  one,  F,  which  carries  the  wheel,  is  of  cast  iron:  it  has  very 
little  wear  upon  it,  but  is  changed  occasionally  for  a  piece  of  greater 
thickness,  to  allow  for  the  wear  of  the  shoe-plate  0,  and  preserve  the 
total  thickness  of  the  shoe,  within  very  little  variation,  so  as  to  prevent 
much  difference  in  the  height  that  the  wheel  is  lifted  from  the  rails. 
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This  break  is  easily  and  qoickly  applied,  by  means  of  the  lever,  L, 
acting  on  the  upper  arm  of  the  break,  E,  as  ihe  carriage  runs  upon  th« 
shoe  when  it  is  pressed  under  the  wheel ;  it  requires  less  force  than  the 
ordinary  break,  and  is  put  on  more  quickly.  The  ordinary  break  screw, 
lever,  and  cross  shaft,  are  available  for  working  this  break. 

This  mode  of  breaking  has  the  advantage  of  keeping  the  wheeb 
perfectly  circular,  and  preventing  them  wearing  polygonal,  vrhich  under 
the  ordinary  mode  converts  them,  in  fact,  into  so  many  hammers  bea^ 
ing  upon  the  rails,  to  the  no  small  detriment  of  the  permanent  way. 

As  the  wheels  rest  upon  the  skid,  which  slides  along  the  rail,  the 
axles  are  saved*  from  that  strain  and  torsion  which  necessarily  arise 
when  blocks  are  pressed  with  great  force  against  the  wheels  to  stop 
them.  Instances  often  occur  of  the  axles  of  break  carriages  £EuIing  from 
this  cause. 

When  wheels  are  stopped  with  the  ordinary  break,  the  sur&ce  bear- 
ing upon  die  rails  is  so  small  that  it  follows  into  the  soft  and  hollow 
places  of  the  rails,  and  makes  them  worse ;  this  shoe,  however,  having 
a  bearing  of  sixteen  inches,  passes  over  them,  and  saves  the  rails  from 
that  wear. 

In  consequence  of  the  axle  being  taken  for  a  bearing,  and  the 
pressure  being  downwards,  in  the  same  manner  as  when  the  wheel  is 
running,  the  action  of  the  springs  is  not  in  the  least  interfered  with, 
and  the  carriage  runs  as  easily,  and  without  any  jar,  when  the  break  is 
put  on  as  when  it  is  oflf.  The  wheels  are  also  kept  quite  cool,  saving 
the  tires  thereby  from  expansion. 

The  retarding  power  of  this  break  is  found  to  be  greater  than  that 
of  any  of  the  ordinary  breaks,  both  in  dry  weather  or  when  the  rails 
are  slippery ;  and  it  is  found  from  experience  that  two  pairs  of  wheels 
with  this  break  are  about  equal  to  three  pairs  with  the  ordinary  break. 

In  all  the  breaks  where  the  wheel  itself  forms  the  shoe  or  skid,  the 
weight  of  the  carriage  is  carried  on  the  small  point  of  contact  of  the 
wheel,  which  immediately  wears  bright  and  clean,  and  the  friction  is 
thereby  materially  diminished;  but  in  this  break  the  much  greater 
extent  of  surface  in  contact  prevents  it  from  getting  rubbed  clean  and 
bright,  and  the  particles  of  grit  are  retained  between  the  rubbing 
surfaces,  causing  increased  friction. 

Several  of  these  breaks  are  in  use  on  the  Eastern  Counties  Railway, 
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on  break  vans,  and  also  applied  to  one  pair  of  wheels  of  some  tank 
engines  running  on  branch  lines;  and  they  have  worked  constantly 
-with  entire  satisfaction,  from  half  a  year  to  a  year,  working  daily  over 
the  points  and  crossings  of  the  stations,  without  any  difficulty  or  accident 
having  been  experienced. 

A  break  van,  fitted  with  these  breaks,  has  been  mnning  in  a  goods 
train  for  two  years,  averaging  700  miles  weekly,  and  the  shoe-plates 
pat  in  six  months  since,  still  remain  good.  The  shoe-plates  of  the 
tender  breaks  last  about  three  months  before  requiring  renewal,  and 
those  of  the  tank  engines  about  two  months. 


The  Chairman  observed,  that  they  were  disappointed  of  Mr. 
Handley's  presence,  who  was  to  have  attended  at  the  meeting ; 
and  in  his  absence  the  Secretary,  Mr.  Marshall,  who  had  mainly 
prepared  the  paper  and  drawings,  would  afford  any  further  expla- 
nation on  the  subject  that  might  be  required. 

Mr.  Adams  said,  he  considered  a  sledge  break  was  un- 
doubtedly better  than  the  ordinary  plan  of  sliding  on  the  wheel, 
if  the  practical  objections  and  difficulties  could  be  overcome,  but 
he  had  never  seen  Mr.  Handley's  break  before,  nor  a  drawing  of  it. 
It  would  depend  on  the  results  of  working,  whether  safely  and 
satisfactorily ;  but  he  thought  it  would  require  much  force  to  put 
on  the  break  and  lift  the  carriage. 

The  Secretary  explained  thai  the  wheel  mounted  up  the 
inclined  point  of  the  sledge  by  running  in  that  direction,  and  that 
it  was  found  not  to  require  more  force  at  the  handle  to  put  it 
on  or  take  it  off  than  the  ordinary  break ;  it  was  worked  by  a 
screw  and  lever  in  the  ordinary  manner,  and  2^  turns  of  the 
handle  were  sufficient  to  put  it  on.  In  taking  off  the  break  it 
required  a  pinch  at  first  to  loosen  the  shoe,  and  then  the  weight 
of  the  carriage  assisted  in  getting  the  wheel  off. 

Mr.  Hen  SON  thought  the  break  was  an  ingenious  principle, 
but  did  not  quite  approve  the  application ;  and  he  thought  the 
ordinary  breaks  would  afford  more  retarding  power  when  they  were 
made  not  quite  to  stop  the  wheels.     A  good  breaksman  knew 
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that  by  keeping  the  break-block  pressed  against  the  wheel  with  a 
little  less  force  than  would  stop  the  wheel  from  revolving,  he 
could  produce  a  greater  friction  than  by  skidding  the  wheels. 

Mr.  Clift  doubted  the  durability  of  the  bottom  shoe-plates, 
and  thought  they  would  be  continually  wanting  to  be  renewed, 
which  would  involve  great  practical  inconvenience  and  expense. 

Mr.  Adams  observed  that  there  was  a  great  troable  and 
expense  with  the  present  breaks,  in  constantly  changing  the  wcN>d 
break- blocks,  which  wore  out  in  a  very  short  time  where  there  was 
much  work  to  be  done.  If  the  whole  weight  of  the  carriage  were 
sledged,  that  must  be  the  limit  of  breaking  power,  but  it  was 
clearly  a  bad  mechanical  arrangement  to  sledge  it  on  the  mere 
points  of  contact  of  the  wheels  on  the  rails. 

The  Secretary  explained  the  provision  made  for  changing 
the  shoe-plates ;  these  plates  were  all  alike^  planed  to  one  gauge, 
with  the  same  taper,  so  that  each  one  would  fit  any  breaks  and 
a  stock  of  them  was  kept  always  ready,  and  any  plate  could  be 
changed  in  a  few  minutes.  The  cost  of  these  pieces  of  iron  was 
very  little,  and  tliey  appeared  to  have  great  durability,  those 
under  the  break-vans  lasting  more  than  six  months. 

Mr.  Peacock  was  not  acquainted  with  the  break  before,  but 
he  certainly  thought  it  was  an  exceedingly  good  scheme,  and  well 
carried  out.  He  enquired  about  the  construction  of  the  brass 
collar  that  carried  the  break  upon  the  axle — ^whether  it  was  fixed 
tight  on  the  axle,  or  the  axle  revolved  in  it  ?  he  doubted  whether 
it  would  last  long,  from  the  friction  upon  it. 

The  Secretary  explained  that  the  brass  collar  was  fixed  in  the 
break,  and  turned  loose  on  the  axle;  it  was  consequently  always 
rubbing  whilst  the  carriage  was  running,  but  the  friction  was  very 
^mall,  as  the  only  pressure  upon  it  was  the  weight  of  the  break 
itself,  which  was  suspended  by  the  brass  collar.  When  the  break 
was  in  action  there  was  no  friction,  as  the  axle  was  then  stationary. 
A  specimen  was  exhibited  of  one  of  these  brass  collars.  If  inch 
wide  and  u  inch  thick,  which  had  been  six  months  at  work  in  a 
break,  but  showed  very  little  signs  of  wear. 
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Mr.  OooDFELLOW  did  not  understand  how  the  wheel  was 
prevented  from  mounting  farther  on  to  the  shoe  than  wasintended, 
and  rolling  over  it ;  he  thought  it  would  be  only  prevented  by 
the  small  bolt  connecting  the  upper  and  lower  pieces  of  the  shoe, 
and  that  a  stop  was  wanted  for  the  arm  of  the  break,  to  prevent 
it  from  moving  too  far. 

The  Secretary  said  that  he  believed  a  stop  was  provided  for 
the  break  in  the  Tank  Engines  by  making  one  of  the  arms  of  the 
break  work  inside  a  segment,  which  limited  its  motiofi  both  ways  ; 
bat  that  there  was  no  other  stop  in  the  break  vans  than  the 
screw  of  the  break  handle,  which  was  sufficiently  powerful  to 
pull  back  the  break  whilst  the  carriage  was  travelling  forwards. 
and  would,  therefore,  have  power  enough  to  hold  the  break  from 
going  farther  under  the  wheel.  The  bolt  connecting  the  pieces 
of  the  shoe  was  free,  and  had  no  strain  upon  it  when  the  break 
was  in  action,  as  the  two  pieces  were  then  pressed  close  together ; 
but  supposing  the  handle  detached,  the  wheel  could  not  pass  over 
the  shoe  without  tipping  up  on  the  front  end  of  the  shoe,  as  a 
centre,  which  was  a  long  leverage. 

Mr.  Cowper  remarked  that  if  the  proportion  between  the 
height  of  the  axle  from  the  rail,  and  the  length  of  the  base  upon 
the  rail  from  the  centre  of  the  wheel  to  the  front  end  of  the  shoe, 
was  only  the  same  as  the  proportion  between  the  total  weight  on 
ths  wheel,  and  the  sliding  friction  on  the  rail,  then  the  wheel 
would  be  just  on  the  point  of  rolling  over  the  shoe;  but  if  the 
proportionate  length  of  the  base  upon  the  rail  exceeded  the  limit 
of  the  sliding  friction,  the  shoe  must  slide  forward,  and  the  wheel 
could  not  roll  over  it  even  if  the  break  arm  were  loose  from  the 
handle,  and  free  to  revolve  round  the  axle.  In  the  drawing  of 
the  break,  the  angle  at  the  front  of  the  shoe  appeared  to  be  about 
46«,  so  that  the  base  on  the  rail  was  equal  to  the  height,  and  the 
friction  could  never  be  sufficient  to  prevent  the  shoe  from  sliding 
forward ;  nothing  but  a  fixed  obstacle  could  do  so. 

Mr.  Adams  considered  the  break  must  prove  very  economical, 
if  it  was   found  efficient  in  practice,   from   saving   the   extra 


Digitized  by  VjOOQ IC 


26  BAILWAY   CABRIAGB   BREAK. 

expence  of  repcdis  of  the  wheel  tires,  which  was  very  ^eat  on  fines 
with  steep  gradients,  where  the  breaks  were  required  to  be  in  yery 
frequent  use.  He  wished  to  ask  Mr.  Peacock  what  he  found  the 
expence  of  keeping  in  repair  the  wheel  tires  of  the  break  vans. 

Mr.  Peacock  said  that  in  the  long  steep  inclines  of  the 
Manchester,  Sheffield,  and  Lincolnshire  Bailway,  they  had  the 
wheels  of  the  break  yans  and  tenders  skidded  for  three  or  ibar 
miles  together  sometimes,  and  the  wheel  tires  were  worn  out  Terj 
rapidly  in  consequence;  the  men  could  not  be  prevented  £rom 
skidding  the  wheels,  where  they  had  the  power  of  doing  80«  by 
the  break.  The  wheels  required  taking  out  and  turning  up  about 
once  in  two  months,  and  this  process  generally  answered  only 
twice,  after  which  new  tires  were  required ;  the  cost  of  renewing 
the  tires  was^bout  £10,  and  £2  more  might  be  added  for  the  in- 
termediate turnings  up  and  the  cost  of  changing. 

Mr.  Abahs  observed  that  the  annual  expence  caused  by  the 
wear  of  the  wheel  tires  alone  in  the  break  waggons  appeared^ 
therefore,  to  exceed  £15  per  waggon^  under  the  present  system, 
and  the  consequent  saving  would  be  very  important  in  that 
item  alone,  in  a  large  stock  of  waggons,  by  the  use  of  the  new 
break  preventing  the  polygonal  wear  of  the  wheels. 

Mr.  CovfPEB  said  he  thought  there  was  some  objection  to 
pushing  a  sledge  in  front  of  the  wheels,  in  case  of  its  catching 
against  any  fixed  obstruction,  such  as  a  bad  joint  in  the  rails  i 
although  it  was  rounded  off  at  the  firont  end,  it  woidd  wear  into 
a  flat  sur£aice,  making  an  angle ;  but  when  a  wheel  was  skidded 
it  always  presented  a  rounded  sur&ce  to  any  obstacle ;  and  if  the 
obstacle  did  catch  it,  it  only  turned  the  wheel  round  a  little. 

The  Secbetahy  observed,  that  the  shoe  was  made  with  a 
long  gradual  slope  at  the  end,  and  however  worn  at  the  bottom, 
it  would  always  leave  so  easy  an  angle  in  front  as  to  pass  over 
any  joint  as  well  as  a  skidded  wheel  could. 

Mr.  GooDFELLOW  thought  that  a  side  wear  of  the  flange  of 
the  wheel  might  be  found  to  take  place,  particularly  in  passing 
round  curves,  which  would  wear  out  the  tire,  although  the  head 
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of  the  tire  was  not  subjected  to  weax ;  and  he  doubted  whether 
there  was  sufficient  guide  on  the  rail. 

Mr.  Peacock  observed  that  the  break-shoe  might  be  made 
with  a  flange,  which  woidd  obviate  any  wear  on  the  flange  of 
the  wheel. 

The  Chairman  remarked  that  it  was  an  interesting  and  im- 
portant subject,  and  this  break  was  certainly  a  very  ingenious 
invention,  well  deserving  of  a  complete  trial. 

He  proposed  a  vote  of  thanks,  which  was  passed,  to 
Mr.  Handley,  for  furnishing  them  with  the  information,  and  to 
the  Secretary  for  preparing  the  commxuxication,  which  wafi 
passed. 

The  following  paper  by  Mr.  James  Samuel,  of  London,  was 
then  read : — 

ON  A  CONTINUOUS  EXPANSION  STEAM  ENGINE. 

The  economy  of  working  steam  expansively  is  well  known,  but  the 
application  of  the  expansion  principle  is  practicable  only  to  a  limited 
extent  in  most  forms  of  engine,  from  practical  difficulties  in  their  mode 
of  working  which  prevent  the  attainment  of  the  full  economy  of  which 
the  expansive  principle  is  capable. 

The  greatest  useful  effect  is  obtained  from  the  steam,  when  it  is 
allowed  to  expand  in  the  cylinder  until  its  pressure  upon  the  piston 
just  balances  all  the  useless  resistances  of  the  friction  of  the  engine 
itself,  and  the  resisting  pressure  on  the  back  of  the  piston;  (whether 
the  pressure  of  the  atmosphere,  in  a  high-pressure  engine,  or  of  the 
uncondensed  vapour,  in  a  condensing  engine,)  the  surplus  power  beyond 
these  useless  resistances  being  alone  available  for  the  purposes  to  which 
the  engine  is  applied. 

But  in  driving  machinery,  so  great  a  uniformity  of  motion  is  essen- 
tial, that  any  great  variation  in  the  moving  power  throughout  the 
stroke  of  the  engine  is  inadmissible,  as  the  flywheel  would  not  be 
able  to  absorb  enough  of  the  excess  of  power  to  equalise  the  velocity 
saffioiently,  by  giving  it  out  again  at  the  deficient  part  of  the  stroke ; 
consequently,  though  two  engines  are  often  employed  working  at  right 
angles  to  each  other,  for  the  purpose  of  diminishing  the  variation  in 
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total  mowmg  power,  the  expansioii  principle  can  oolj  be  carried  to  a 
portion  of  the  extent  to  irhich  it  is  theoretically  applicable. 

Onlj  in  aach  engines  as  the  large  Cornish  pumping  engines  can 
the  expansion  be  carried  practically  to  its  inll  theoretical  limit,  as  the 
variation  in  the  yelocitj  of  the  load  moyed  is  of  much  less  importance 
in  those  engines,  and  the  yeiy  unequal  amounts  of  moving  power  that 
are  developed  in  equal  times,  by  the  full  carrying  out  of  the  expansive 
principle,  which  would  produce  the  most  prejudidai  and  inadmissible 
variations  of  velocity  in  the  engine,  are  controlled  within  prescribed 
limits  by  the  great  weight  of  material  to  be  moved  by  the  engine  in 
the  pump  rods  and  balancing  machineiy,  forming  as  it  were  a  distri- 
buting reservoir  for  the  moving  force  developed. 

In  the  Locomotive  Engine  there  are  practical  difficulties  in  carry- 
ing out  the  expansion  principle  efficiently,  beyond  a  moderate  extent, 
in  a  single  cylinder,  from  the  shortness  of  stroke  and  rapidity  of  reci- 
procation, and  the  construction  of  the  valve  motion ;  but  the  ultimate 
extent  to  which  it  could  be  carried  would  be  limited  by  the  mainte- 
nance of  the  blast,  which  requires  that  the  jets  of  steam  disduuqged 
from  the  cylinder  into  the  blast-pipe  should  not  be  reduced  below  a 
certain  pressure  at  the  moment  of  discharge.  Otherwise,  the  limit  to 
which  expansion  might  be  carried  would  be  the  resistance  of  the 
atmosphere  to  the  discharge  of  the  steam,  added  to  the  friction  of  the 
engine,  say  about  10  lbs.  per  inch  above  the  atmosphere.  . 

The  steam  is  cut  off  usually  by  the  link  motion  at  from  ^id  to 
}rds  of  the  stroke,  and  the  steam  is  consequently  discharged  into  the 
blast-pipe  at  about  from  30  to  60  lbs.  pressure  above  the  atmosphere, 
supposing  it  to  be  supplied  to  the  cylindera  at  100  lbs.  per  inch  aboTe 
the  atmosphere. 

It  appears  that  the  lower  of  these  pressures  is  sufficient,  or  more 
than  sufficient,  for  the  purposes  of  the  blast,  to  maintain  fully  the 
evaporative  power  of  the  boiler  under  general  circumstances,  and  that 
a  portion  of  the  steam  discharged  can  be  spared  from  the  blast  to  be 
subjected  to  a  greater  extent  of  expansion. 

In  the  Continuous  Expansion  Engine,  the  subject  of  the  present 
Paper,  the  steam  from  the  boiler  is  supplied  only  to  one  cylinder;  a 
portion  of  it  is  expanded  into  the  second  cylinder,  which  is  of  pro- 
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portionately  larger  area,  bo  as  to  equalise  the  total  moYing  power  of 
the  two  cylinders ;  and  it  is  there  further  expanded  down  to  the  fullest 
useful  extent,  and  then  discharged  into  the  atmosphere,  the  portion 
of  steam  remaining  in  the  first  cylinder  being  dischai^ed  as  a  blast 
at  nearly  the  same  pressure  as  the  ordinaiy  engines.  The  economy, 
therefore,  consists  in  obtaining  from  such  portion  of  the  steam  as  can 
be  spared  from  the  blast  the  additional  power  of  expansion  remaining 
iu  it,  which  is  thrown  away  in  the  ordinary  engine. 

Figs.  1  and  2,  Plate  6d,  show  the  Continuous  Expansion  Engine 
as  applied  to  a  Locomotive.  A  is  the  first  cylinder  into  which  the 
steam  is  admitted  from  the  steam-pipe,  C,  by  the  yalve,  D,  in  the  same 
manner  as  in  the  ordinaiy  engines.  The  steam  is  cut  off  at  half 
stroke,  and  a  communication  is  then  opened  with  the  second  cylinder, 
B,  through  the  passages  H  and  F,  by  the  opening  of  the  slide  valTe  G. 
The  second  cylinder,  B,  is  abont  double  the  area  of  the  first  cylinder, 
and  the  same  length  of  stroke,  but  the  cranks  are  set  at  right  angles, 
as  in  ordinary  locomotives ;  consequently,  at  the  moment  of  the  steam 
being  passed  into  the  second  cylinder  from  the  first,  the  piston  of 
the  second  cylinder  is  at  the  commencement  of  its  stroke. 

The  steam  continues  expanding  in  the  two  cylinders,  until  the 
first  piston.  A,  has  nearly  completed  its  stroke,  when  the  valve,  G, 
shuts  off  the  communication  between  the  two  cylinders,  and  the  valve, 
D,  opens  the  exhaust  port,  and  communicates  with  the  blast-pipe,  L, 
discharging  the  steam  remaining  in  the  cylinder.  A,  to  form  the  blast 
in  the  ordinaiy  manner.  The  second  piston,  B,  has  then  arrived  nearly 
at  half  stroke,  and  contains  nearly  one  half  of  the  total  quantity  of  steam 
originally  admitted  to  th^  first  cylinder;  this  steam  is  further  expanded 
to  the  end  of  the  stroke,  and  then  discharged  into  the  blast  pipe,  L, 
by  the  valve,  £,  opening  the  exhaust  port. 

The  return  stroke  of  both  pistons  is  exactly  similar  to  the  foregoing, 
so  that  about  i  cylinder  full  of  high-pressure  steam  (or  such  other  portion 
as  may  be  desired)  is  supplied  to  the  first  cylinder  at  each  stroke,  and 
between  i  and  frds  of  that  steam  is  discharged  at  the  pressure  required 
to  produce  the  blast,  and  the  remainder  of  the  steam  is  expanded  down 
in  the  second  cylinder,  so  as  to  give  out  all  the  available  power  remain- 
ing in  it. 

For  the  purpose  of  enabling  the  engine  to  exert  an  increased  power, 
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if  required,  at  the  time  of  starting  a  Iraiii  or  otherwise,  the  slide  ralve* 
I,  is  inserted  in  the  centre  passage,  F,  to  close,  the  oommnnication 
between  the  two  cylinders  for  a  short  time  when  reqniied ;  and  the 
steam  from  the  boiler  is  then  admitted  by  a  pipe  and  cock  into  the 
steam-chest  of  the  second  cylinder,  B,  which  is  then  -worked  inde- 
pendentiy  of  the  other  cylinder,  like  an  ordinary  engine. 

The  comparative  qnantily  of  steam  or  of  coke  required  to  pei£>nn 
the  same  work  in  the  several  engines,  under  the  circumstances  stated 
above,  is  given  by  calculation  as  follows  : — 

Continuous  Expansion  Engine      ...•••     100 

Ordinary  Engine,  cutting  off  at  ird  stroke     .     .     120 

Ditto         ditto,  ditto       i      stroke     .     .     154 

Ditto         ditto,  ditto       frds  stroke     .    .     185 

Ditto         ditto,  ditto       fths  stroke     .     .    d20 

These  figures  represent  the  relative  economy  in  the  employment  of  the 

steam  in  the  several  engines ;  consequently,  t^e  ordinary  Engine,  with 

the  best  degree  of  expansion,  or  cutting  off  the  steam  at  ^rd  of  the 

stroke,  consumes  20  per  cent,  more  coke  than  the  Continuous  Expansion 

Engine,  to  do  the  same  work,  and  from  54  to  85  per  cent  more  coke 

with  the  more  usual  degrees  of  expansion ;   and  an  Engine  cutting  off 

the  steam  at  only  ^th  of  the  stroke  from  the  termination,  as  many 

engines  were  formerly  made,  would  consume  120  per  cent,  more  coke 

to  do  the  same  woric. 

This  plan  has  been  tried  upon  two  locomotives  with  satis&ctozy 
results,  and  the  blast  was  fonnd  to  be  quite  sufficient,  but  the  trial  has 
not  been  sufficiently  complete  to  afford  a  definite  comparison  of  con- 
sumption. 

In  the  application  of  the  Expansion  principle  to  Stationary  Engines, 
it  is  requisite  to  consider  the  amount  of  variation  in  the  moving  power 
or  labouring  force  of  tiie  engine,  and  the  limits  within  which  it  is 
necessary  practically  to  oonfiine  this  Taxiation.  The  accompanying  dia- 
grams. Figs.  3,  4,  and  5,  Plate  53,  show  the  variation  in  the  moving 
power  that  takes  place  between  the  commencement  and  the  end  of  the 
stroke  in  each  of  the  several  engines,  all  drawn  to  the  same  scale  and  on 
the  same  principle,  so  that  the  comparison  of  the  diagrams  will  show 
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the  relative  effect  of  the  steam  in  the  several  engines ;  the  same  total 
power  being  represented  in  each  case. 

Fig.  3  shows  the  variation  of  power  in  the  Cornish  engine,  when 
the  steam  is  expanded  down  to  the  limit  of  useful  effect ;  this  is  shown 
by  the  curved  line,  AGO..  The  vertical  height  of  the  first  division,  A 
D,  represents  the  relative  total  moving  force  developed  by  the  engine, 
in  the  direction  of  the  revolution  of  the  crank  pin,  during  the  first  15"* 
of  revolution  from  the  commencement  of  the  stroke.  The  heights  of  the 
succeeding  divisions  in  Fig.  3  represent  the  corresponding  amounts  of 
force  developed  by  the  engine  during  each  successive  motion  of  the 
crank,  through  equal  angles  of  15"  each  to  the  end  of  the  stroke,  G> 
and  the  half  revolution  of  180" ;  the  force  shown  being  in  all  cases 
the  amount  that  would  be  produced  in  the  circular  direction  of  the 
revolution  of  the  crank  pin,  not  in  the  rectilinear  direction  of  th^ 
piston.  If  the  amounts  of  force  in  these  several  divisions  were  all 
exactly  eqwU  to  one  another  (and  the  engine  having  attained  its  state 
of  uniform  velocity,  were  employed  to  overcome  a  constant  resistance  to 
circular  motion,  such  as  driving  a  com  mill  or  spinning  mill.  Sic.),  then 
the  crank  arm  would  have  a  perfectly  unvarying  velocity,  and  no  fly- 
wheel would  be  required.  And  the  approach  to  this  constancy  of  velo- 
city, in  any  engine  applied  to  overcome  resistances  to  circular  motion, 
will  clearly  depend  on  the  approach  to  equality  which  these  amounts 
of  work  produced  through  equal  angles  make  to  one  another. 

The  average  line,  D£,  shows  this  average  equal  height  of  all  the 
several  divisions,  consequently  the  rectangle,  ACED,  represents  the 
equivalent  uniform  development  of  power  that  would  produce  an  unvary. 
ing  velocity  of  rotation,  and  therefore  the  area  of  the  shaded  space 
being  the  deficiency  in  filling  up  this  rectangle  of  uniform  power  by  the 
actual  working  of  the  engine  (also  equal  to  the  portion  H  of  the  curved 
figure  that  is  above  the  average  line,  D£),  will  represent  the  total  amount 
of  variation  from  the  average  in  the  moving  force  of  the  engine  through- 
out the  stroke.  The  area  of  the  shaded  portion  in  this  diagram  is  43 
per  cent,  of  the  total  area,  consequently  the  total  variation  from  the 
average  in  the  moving  power  of  the  Cornish  engine  ia  4kS  per  cent.,  and 
the  greatest  variation  at  the  extreme  point  G,  amounts  to  189  per  cent. 
of  the  mean  power. 


Digitized  by  VjOOQ IC 


82  CONTINUOUS   EXPANSION    ENGINE. 

The  total  variation  from  the  average  power    .*      43  per  cent. 

The  extreme  variation       189  per  cent. 

Fig.  4  shows  in  a  corresponding  manner  the  variation  of  moving 
power  throughout  the  stroke  in  the  Continuous  Expansion  Engine, 
where  the  steam  is  cut  off  at  half  stroke  in  the  first  cylinder,  and 
expanded  in  the  larger  cylinder  down  to  the  limit  of  useful  effect. 

The  total  variation  from  the  average  power  is  only   .     13  per  cent. 

The  extreme  variation       55  per  cent. 

consequently  the  toted  variation  in  the  moving  power  in  the  Cornish 
Engine  is  3^  times  as  great  as  that  in  the  Continuous  F^xpansion  Engine, 
and  the  extreme  variation  is  3^  times  as  great 

The  dotted  line,  B  B,  in  Fig.  3  shows  the  effect  of  coupling  together 
two  Cornish  engines,  exactly  similar  to  that  shown  hy  the  full  line  id 
Fig.  3,  hut  of  half  the  total  power  each. 

The  total  variation  from  the  average  power  is     .     .     20  per  cent. 

The  extreme  variation       58  per  cent. 

the  total  variation  in  the  moving  power  heing  1  ^  times  as  great  as  in  the 
Continuous  Expansion  Engine,  and  the  extreme  variation  ahout  equal. 
This  arrangement  would  of  course  he  much  more  expensive  than  the 
Continuous  Expansion  Engine,  as  it  involves  two  complete  engines. 

Fig.  5  shows  the  variation  of  moving  power  in  a  Woolfs  double 
cylinder  engine,  where  the  pistons  work  simultaneously  in  the  two  cylin- 
ders, commencing  each  stroke  together,  and  the  steam  is  cut  off  at  half 
stroke  in  the  first  cylinder,  and  afterwards  expanded  in  the  larger  cylinder 
down  to  the  limit  of  useful  effect,  as  in  the  foregoing  Cornish  Engine. 

The  total  variation  from  the  average  power  is     .     .    27  per  cent. 

The  extreme  variation 90  per  cent 

consequently  the  total  variation  in  the  moving  power  is  2  times  as 
great  as  in  the  Continuous  Expansion  Engine,  and  the  extreme  variation 
1}  times  as  great. 

The  dotted  line,  F  F,  on  Fig.  4  shows  the  effect  of  coupling  together 
two  of  the  Continuous  Expansion  Engines  at  right  angles  to  each  other, 
and  the  result  of  this  arrangement  is  a  remarkably  near  approach  to 
perfect  uniformity  of  moving  power. 

The  total  variation  from  the  average  power  is  only    .    3  per  cent 

The  extreme  variation 8  per  cent 
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The  dotted  liDe>  F  F,  on  Fig.  8  shows  in  a  similar  manner  the 
effect  of  coupling  together  three  of  the  Cornish  Engines  with  cranks  at 
120**  to  each  other. 

The  total  variation  from  the  average  power  is    .     .       9  per  cent. 

The  extreme  variation Q$2  per  cent. 

both  being  about  3  times  as  great  as  in  the  Continuous  Expansion 
Cngine. 

Fig.  5  shows  also  bj  the  dotted  line,  F  F,  the  effect  of  coupling 
together  two  of  the  Woolf  s  Engines  at  right  angles  to  each  other. 
The  total  variation  from  the  average  power  is  ...     5  per  cent. 

The  extreme  variation 13  per  cent. 

both  being  about  l^^  times  as  great  as  in  the  Continuous  Expansion 
Engine. 

The  comparative  amount  of  work  performed  by  the  several  engines, 
v^ith  the  same  quantity  of  steam  or  of  coal  in  each  case,  under  the 
circumstances  stated  above,  and  taking  the  pressure  of  the  steam  ad- 
mitted to  the  first  cylinder  at  50  lbs.  per  inch  above  the  atmosphere* 
is  given  by  calculation  as  follows  : — 

Continuous  Expansion  Engine      .  ....     100 

Woolf  *s  Engine 109 

Cornish  Engine Ill 

The  general  result  of  the  above  comparisons  is,  that  the  Cornish 
Engine  is  \\  per  cent,,  and  Woolf  s  Engine  is  9  per  cent.,  more  eco- 
nomical in  expenditure  of  fuel  than  the  Continuous  Expansion  Engine, 
when  the  expansion  of  the  steam  is  carried  to  the  extreme  limit  in 
each  case ;  but  that  this  economy  cannot  be  obtained  practically  in 
those  two  engines,  on  account  of  the  great  irregularity  in  their  moving 
power,  the  average  irregularity  being,  iu  the  Cornish  Engine  30  per 
cent.,  and  in  Woolf' s  Engine  14  per  cent.,  greater  than  in  the  Con- 
tinuous Expansion  Engine;  and  the  extreme  irregularity  being  134 
and  35  per  cetU.  respectively  greater. 

Consequently  it  appears  that,  although  the  expansion  of  the  steam 
cannot  be  theoretically  carried  to  so  great  an  extent  in  the  Continuous 
Expansion  Engine  as  in  the  other  engines,  yet,  from  the  moving  power 
being  so  much  more  uniform  throughout  the  stroke,  the  expansion 
can  be  carried  practically  to  a  considerably  greater  extent;  and  a 

E 
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greater  amount  of  economy  may  be  practically  obtained   within  the 
same  limit  of  uniformity  in  the  moving  power. 


A  working  models  one  third  size,  of  the  engine  as  applied  to 
a  Locomotive,  was  exhibited  to  the  Meeting. 

Mr.  E.  Jones  observed  that  the  engine  appeared  to  be  a 
step  quite  in  thfe  right  direction,  but  further  practical  trial  was 
requisite. 

Mr.  Peacock  wished  to  know  the  particulars  of  the  trials 
that  had  been  made. 

The  Chairman  suggested  that  the  discussion,  should  be 
adjourned  to  the  next  meeting,  as  Mr.  Samuel,  who  had  intended 
to  be  present,  was  unexpectedly  prevented  from  attending.  He 
proposed  a  vote  of  thanks  to  Mr.  Samuel,  which  was  passed. 

The  Chairman  announced  that  Mr.  Pressor,  of  Birmingham, 
had  kindly  sent,  for  the  inspection  of  the  Members,  the  portrait 
of  Papin  that  was  exhibited  to  the  Meeting. 

The  Meeting  then  terminated ;  and  in  the  evening  a  number 
of  the  Members  and  their  friends  dined  together,  according  to 
custom,  in  celebration  of  the  fiflh  Anniversary  of  the  foundation 
of  the  Institution. 

Mr.  Geach  announced  that  the  Committee  formed  for  carry- 
ing out  the  Monument  to  the  late  George  Stephenson,  had  made 
final  arrangements  to  erect  a  marble  statue  in  the  centre  of  the 
large  entrance  hall,  at  the  Euston  Station,  as  the  metropoHtan 
terminus  of  the  system  of  railways  of  which  he  had  been  the 
originator.  The  Directors  of  the  London  and  North  Western 
Railway  had  kindly  given  their  sanction  to  this  proposal,  which 
had  met  with  general  approval  amongst  the  Subscribers,  and 
the  Committee  had  obtained  subscriptions  amply  sufficient  to 
carry  out  the  intention.  A  very  gratifying  feature  in  the  sub- 
scription was,  the  large  number  of  working  mechanics  who  had 
joined  in  promoting  the  object. 
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Steah  Engine  Boilers,  particulars  of  construction — form — heating 
surface — cost — consumption  of  fuel — evaporation  of  water — 
pressure  of  steam — steam  gauges,  high-pressure  and  low- 
pressure— explosion  of  boilers,  and  means  of  prevention — 
effects  of  heat  on  the  metal  of  boilers,  low-pressure  and  high- 
pressure — incrustation  of  boilers,  and  means  of  prevention — 
evaporative  power  and  economy  of  different  kinds  of  fuel,  coal, 
wood,  charcoal,  peat,  patent  coal,  and  coke — moveable  grates — 
smoke  consuming  apparatus,  best  plan  and  results  of  working. 

Steam  Engines,  expansive  force  of  steam,  and  best  means  of  using 
it — power  obtained  by  various  plans — comparison  of  double 
and  single  cylinder  engines — comparative  advantages  of  direct- 
acting  and  beam  engines — indicator  figures  from  engines,  with 
details  of  useful  effects,  consumption  of  fuel,  &c. — contributions 
of  indicator  figures  for  a  general  book  of  reference  to  be  kept 
in  the  Institution. 

Pumping  Engines,  particulars  of  various  constructions — size  of 
cylinder,  strokes  per  minute,  and  horse-power — number  and  size 
of  pumps,  and  strokes  per  minute — application  of  pumps — fen 
draining  engines — comparative  advantages  of  scoop  wheels  and 
centrifugal  pumps,  &c. 

Blast  Engines,  best  kind  of  engine — size  of  cylinder,  strokes  per 
minute,  and  horse-power — number  of  boilers — sisfe  of  blowing 
cylinder,  and  strokes  per  minute — means  of  regulating  the  blast 
— improvements  in  blast  cylinders — rotaiy  blowing  machines. 

Marine  Engines,  power  of  engines  in  proportion  to  tonnage — 
different  constructions  of  engines — comparative  economy  and 
durability  of  different  boilers,  tubular  boilers,  flat  flue  boilers, 
&c. — weight  of  machinery  and  boilers — kind  of  paddle  wheels 
— speed  obtained  in  British  war  steamers,  in  British  merchant 
steamers,  and  in  Foreign  ditto,  with  pai'ticulars  of  the  construc- 
tion of  engines  with  paddle  wheels,  &c. — screw  propellers,  par- 
ticulars of  different  kinds,  number  of  arms,  material,  means 
for  unshipping,  horse-power  applied,  speed  obtained,  section  of 
vessel. 

Rotary  Engines,  particulars  of  construction,  and  practical  appli- 
cation— details  of  the  results  of  working. 

Locomotive  Engines,  express,  passenger,  and  luggage  engines — 
particulars  of  construction,  details  of  experiments,  and  results 
of  working — speed  of  engines,  cost,  power,  weight,  steadiness 
— consumption  of  fuel — heating  surface,  length  and  diameter 
of  tubes —experiments  on  size  of  tubes  and  blast-pipe — com- 
parative expense  of  working  and  repairing — best  make  of  pistons, 
valve  geai',  expansion  geai*,  &c. 
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Galobio  Engines,  and  Engines  worked  by  Gas,  Gun-eotton,  or  other 
explosive  compounds. 

Eubctbo-Maonetig  Engines,  particulars  and  results. 

Wateb  Wheels,  particulars  of  construction,  and  dimensions — form 
and-  depth  of  buckets — ^head  of  water,  velocity,  per-centag^e  of 
power  obtained — turbines,  construction  and  practical  applica- 
tion, power  obtained,  comparative  effect  and  economy. 

Wind  Mills,  particulars  of  construction — number  of  sails,  surface 
and  form  of  sails — velocity,  and  power  obtained — average 
number  of  days'  work  per  annum. 

Cobn  Mills,  particulars  of  improvements — ^power  employed — appli- 
cation of  steam  power — results  of  wprking  with  an  ai^  blast  and 
small  stones — advantages  of  regularity  of  motion. 

SuoAB  Mills,  particulars  of  the  construction  and  working — ^results 
'  of  the  application  of  the  hydraulic  press  in  place  of  rolls. 

Saw  Mills,  particulars  of  construction — mode  of  driving — power 
employed — particulars  of  work  done — best  speeds  for  vertical 
and  circular  saws — ^form  of  saw  teeth — saw  mills  for  cutting 
ship  timbers — veneer  saws. 

Oil  Mills,  facts  relating  to  the  construction  and  working,  by 
stampers  and  by  pressure. 

Cotton  Mills,  information  respecting  the  construction  and  arrange- 
ment of  the  machinery — power  employed,  and  application  of 
power — cotton  presses,  mode  of  construction  and  working, 
power  employed — improvements  in  spinning  and  carding 
machinery,  &c.  -• 

Machinery  |br  manufacturing  Flax,  both  in  the  natural  length  of 
staple  and  when  cut.' 

Rolling  Mills,  improvements  in  machinery  for  making  iron  and 
steel — mode  of  applying  power — steam  hammers — piling  of 
iron — plates — fancy  sections. 

Stamping  and  Coining  Machinery,  particulars  of  improvements,  &c. 

Paper  Making  and  Paper  Cutting  Machines,     ditto        ditto. 

Printing  MAcniNEs,  ditto        ditto. 

Calico  Printing  Machinery,  ditto         ditto. 

Water  Pumps,  facts  relating  to  the  best  construction,  means  of 
working,  and  application — best  forms — ^velocity  of  piston — 
construction  of  valves. 

AiB  Pumps,        '  ditto  ditto  ditto. 

Hydraulic  Presses,  facts  relating  to  the  best  construction,  m«ans 
of  working,  and  application. 

Rotary  and  Centrifugal  Pumps,  ditto  ditto. 

Fire  Engines,  ditto  ditto  ditto. 

Sluices  and  Sluice  Cocks,      ditto  ditto  ditto. 

Cranes,  ditto  ditto ,  ditto. 

Steam  Cranes,  Hydraulic  Cranes,  Pneumatic  Cranes,      ditto. 

Lifts  for  raising  Trucks,  &c.  ditto  ditto  ditto. 

Lathes,  Planing,  Boring,  jCnd  Slotting  Machines,  &c.,  particulars 
of  improvements— description  of  new  self-acting  tools. 
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Toothed  Wheels,  best  construction  and  form  of  teeth — results  of 

working. 
Driving  Belts  and  Straps,  best  make  and  material,  leath^^  rope, 
wire,  gutta  percha,  &e. — comparatiye  durability,  and  results  of 
working — power  communicated  by  certain  sizes. 
Stbength  of  Materials — ^facts  relating  to  experiments  on  ditto, 
and  general  details  of  the  proof  of  girders,  &c. — girders  of  cast 
and  wrought  iron,  particulars  of  different  consti-uctions,  and 
experiments  on  them-^best  forms  and  proportions  of  girders 
for  different  purposes — best  mixtures  of  metisd. 
IDuRABiLiTY.oF  TiMBER  of  various  kinds — best  plans  for  seasoning 
timl^  and  cordage — results  of  Kyan*s,  Payne's,  £ethell's,  and 
Burnett's  processes,  &c. — comparative  durability  of  timber  in 
different  situations. 
Corrosion  of  Metals  by  salt  and  fresh  water,  and  by  the  a&aos- 
phere,  &c. — facts  relating  to  corrosion,  and  best  means   of 
prevention. 
Alloys  of  Metals — facts  relating  to  different  alloys. 
Friction  of  various  Bodies — facts  relating  to  friction  under  ordi- 
nary circumstances — friction  of  iron,  brass,  copper,  tin,  wood, 
&c. — proportion  of  weight  to  rubbing  surface— best  forms  of 
journals,  and  construction  of  axle-boxes,  &c. — ^lubrication,  best 
materials  and  means  of  application,  and  results  of  practical 
trials — best  plans  for  oil  tests. 
Iron  Roofs,  particulars  of  construction  for  different  purposes — 
durability   in    various   climates    and    situations — comparafive 
cost,  weight,  and  durability — roofs  for  slips  of  cast-iron,  wrought 
iron,  timber,  &c.,  best  construction,  form,  and  material. 
Fire-proof  Buildings,  particulars  of  construction — most  efficient 

plan — results  of  triids. 
Chimney  Stacks  of  large  size,  particulars,  mode  of  building,  &c. 
Bricks,  manufacture  and  durability — hollow  bricks,  fire-bricks,  and 

fire-clay. 
Gas  Works — best  form,  size,  and  material  for  retorts — construction 
of  retort  ovens — quantity  and  quality  of  gas  from  different  coals 
— oil  gas,  water  gas,  &c. — improvements  in  purifiers,  condensers, 
and  gas  holders — wet  and  dry  gas  meters — pressure  of  gas, 
gas  exhauster — gas  pipes,  strength  and  durability,  and  con- 
struction of  joints — proportionate  diameter  dnd  length  of  gas 
-   mains,  and  velocity  of  the  passage  of  gas — experiments  on  ditto, 
and  on  the  friction  of  gas  in  mains,  and  loss  of  pressure. 
Water  Works — facts  relating  to  water  works — application  of  power, 
and  economy  of  working — proportionate  diameter  and  length 
of  pipes — experiments  on  the  discharge  of  water  from  pipes, 
and  friction. through  pipes — strength  and  durability  of  pipes, 
and  construction  of  joints — relative  advantages  of  stand-pipe^ 
and  air-vessels. 
Well  Sinking  and  Artesian  Wells,  fiicts  relating  to. 
Coffer  Dahs  and  Piung,  facts  relating  to  the  construction: 
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PiEBs,  fixed  and  floating,  and  Pontoons,    ditto        ditto. 

Pile -DRIVING  Apparatus,  particulars  of  improvements — ^use  of  steam 
power — Pott*8  apparatus — ^the  compressed  air  system. 

Dredging  Machines,  particulars  of  improvements — application  of 
dredging  machines — power  required,  and  work  done. 

DrviNG  Bells  and  Diving  Dresses,  facts  relating  to  the  best  con- 
struction. 

Cast-Iron  and  Wrought-Iron  Lighthouses,         ditto        ditto. 

Mining  Operations,  facts  relating  to  mining — means  of  ventilating 
mines,  use  of  steam  jet  and  ventilating  machinery — mode  of 
raising  materials — mode  of  breaking,  pulverizing,  and  sifting 
various  descriptions  of.  ores.  %. 

Blasting,  facts  relating  to  blasting  under  water,  and  blasting 
generally — use  of  gun  cotton,  &c.— effects  produced  by  large 
and  small  charges  of  powder. 

Blast  Furnaces — consumption  of  fuel  in  different  kinds — barden, 
make,  and  quality  of  metal — pressure  of  blast — horse-power 
required — economy  of  working — improvements  in  manufacture 
of  iron — comparative  results  of  hot  and  cold  blast 

Puddling  Furnaces,  best  forms  and  construction,  &c. 

Heating  Furnaces,  best  construction— consumption  of  fuel,  Ac. 

Smiths'  Forges,  best  construction — size  and  material — power  of 
blast. 

Smiths'  Fans,  and  Fans  generally,  best  construction,  form  of  blades, 
&c.,  with  facts  relating  to  the  amount  of  power  employed  and 
the  per-centage  of  effect  produced. 

Coke  and  Charcoal,  particulars  of  the  best  mode  of  making,  and 
construction  of  ovens,  &e. 

Railways — construction  of  permanent  way — section  of  rails,  and 
mode  of  manufacture — experiments  on  rails,  deflection,  dete- 
rioration, and  comparative  durability — material  and  form  of 
sleepers,  size  and  distances— improvements  in  chairs,  keys, 
and  joint  fastenings. 

Switches  and  Crossings,  particulars  of  improvements,  and  results 
of  working — advantages  obtained  by  steeling  points  and  tongues. 

Turntables,  particulars  of  various  constructions  and  improvements. 

Signals  for  Stations  and  Trains,  and  self-acting  signals. 

Breaks  for  Carriages  and  Waggons,  best  construction. 

Buffers  for  Carriages,  &c.,  and  Station  Buffei*s — different  construc- 
tion and  materials. 

Springs  for  Carriages,  &c.,  buffing  and  bearing  springs — particulai*s 
of  different  constructions;  and  results  of  working. 

Railway  Wheels,  wroughMron,  cast-iron,  and  wood — particulars 
of  different  constructions,  and  results  of  working — comparative 
expense  and  durability— wrought-iron  and  steel  tires,  compara- 
tive economy  and  results  of  working — solid  wrought-iron  wheels. 

Railway  Akles,  best  description,  form,  material,  and  mode  of 
manufacture — comparison  of  solid  and  hollow  axles. 
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The  Council  invite  communications  from  the  Members  and 
tlieir  friends  on  the  preceeding  subjects,  and  on  any  Engineering 
subjects  that  will  be  useful  and  interesting  to  the  Institution  ; — also 
presentations  of  Engineering  drawings,  models,  and  books  for  the 
library  of  the  Institution. 

The  communications  should  be  written  on  foolscap  paper,  on 
one  side  only  of  each  page,  leaving  a  clear  margin  on  the  left  side 
for  binding;  they  should  be  written  in  the  tibird  person.  The 
drawings  illustrating  the  communications  should  be  on  so  large  a 
scale  as  to  be  clearly  visible  to  the  meeting  at  the  time  of  reading 
the  communication ;  or  eiilarged  diagrams  should  be  sent  for  the 
illustration  of  any  particular  portions. 
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PROCEEDINGS. 


The  General  Meeting  of  the  Members  was  held  at  the 
house  of  the  Institution^  54^  Newhall  Street^  Birmingham^  on 
Wednesday,  28th  April,  1852;  Robert  Stephenson,  Esq.,  M.P., 
President,  in  the  Chair. 

The  Minutes  of  the  last  General  Meeting  were  read  and 
'confirmed. 

The  Chairman  announced  that  the  Ballot  papers  had  been 
opened  by  the  Committee  appointed  for  the  purpose,  and  the 
following  new  Members  were  duly  elected : — 

Memhers : 
Thomas  T.  Chellinoworth,  Oldbury. 
Samuel  H.  F.  Cox,  Oldbury. 
Robert  Gordon,  Stockport. 
John  H.  Porter,  Birmingham. 
Joseph  W.  Wilson,  Oldbury. 
William  K.  Whytehead,  London, 

Honorary  Member : 
William  RobiJjson,  Birmingham, 


The  following  supplementary  paper,  by  Mr.  James  Samuel, 
of  London,  was  then  read,  in  continuation  of  the  paper  read  at 
the  former  Meeting,  on- January  28th,  and  adjourned: — 

ON  A  CONTINUOUS  EXPANSION  STEAM  ENGINE. 

The  object  of  this  invention,  as  applied  to  Locomotive  Engines, 
(as   explained   in   detail   in   the  former  paper,   see   Proceedings, 
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January,  1652,)  is  to  obtain  a  greater  amotmt  of  work  from   the 
same  expenditure  of  steam  or  fuel  than  could  be  obtained  from  the 
present  locomotive  engines.     It  was  pointed  out  that  the  extent  to 
which  the  expansion  of  the  steam  could  be  carried  was  limited  in 
the  present  locomotives,  by  the  necessity  of  maintaining  a  oertain 
amount  of  pressure  in  the  steam  at  the  moment  of  discharging  it 
into  the  atmosphere,  for  the  purpose  of  producing  an  sficinu  hlagt 
to  maintain  the  intensity  of  the  fire.    If  it  were  not  for  this  cireom- 
stance,  which  prevented  the  expansion  of  the  steam  being  carried 
in  the  cylinders  beyond  about  dOlbs.  per  inch  above  the  atmosphere, 
the  expansion  might  be  continued  nearly  down  to  the  atmosphere, 
and  most  of  the  SOlbs.  so  lost  would  be  then  made  available  as  ad- 
ditional power  obtained  from  the  same  steam.     But  the  author  of 
the  paper  had  found,  from  experiments,  that  in  the  ordinary  word- 
ing, a  portion  of  the  discharged  steam,  probably  as  much  as  one-half, 
could  be  spared  from  the  blasts  provided  the  remainder  was  dis- 
charged at  the  Ml  pressure  of  SOlbs.,  and  he  therefore  retained  that 
portion  of  the  steam  in  his  engine,  and  caused  it  to  expand  neariy 
down  to  the  atmospheric  pressure  before  it  was  discharged.     This 
was  accomplished  by  admitting  the  steam  from  the  boiler  only  td 
one  of  the  cylinders  of  the  locomotive,  where  it  was  cut  off  at  about 
half  stroke,  at  which  point  the  second  cylinder  was  just  commenc- 
ing its  stroke,  (the  two  cranks  being  at  right  angles,  as  usual,)  and 
a  communication  was  then  opened  by  the  slide  valve  with  the  second 
cylinder,  which  was  made  from  two  to  three  times  the  area  of  the 
first  cylinder.      The  steam  was  then  expanded  in  both  cylinders 
simultaneously,  until  the  communication  between  them  was  closed, 
and  the  steam  in  the  first  cylinder  was  discharged  as  the  blast, 
whilst  that  in  the  second  cylmder,  which  had  still  half  its  stroke  to 
perform,  was  further  expanded  down  to  the  lowest  point  of  efficiency. 
By  this  means,  it  was  shown,  a  saving  in  consumption  of  steam  and 
fuel  of  20  per  cent,  would  be  effected,  compared  with  the  most 
economical  working  that  could  be  maintained  practicaUy  in  the 
present  engines,  to  perform  the  same  work ;  whilst  it  would  require 
120  per  cent,  more  fuel  to  do  the  same  work  with  an  engine  that 
did  not  work  expansively,  and  only  cut  off  the  steam  at  one  inch 
from  th^end  of  the  stroke,  as  many  locomotives  were  formerij 
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made.     By  the  second  cylinder  being  enlarged  in  area  in  proportion 

to    the  difference  of  average  pressure,  each  cylinder  exerted  the 

same  total  moving  power  upon  its  crank,  as  in  the  ordinary  engines, 

8o  that  no  practical  difficulty  was  experienced  ;  and  the  steam  from 

the  boiler  could  be  admitted  direct  to  the  second  cylinder  by  a  stop 

valve  for  a  short  time,  when  requiied,  to  give  an  increased  power 

at  starting,  or  ascending  inclines.     Two  practical  trials  had  been 

made,  which  showed  that  the  engines  were  not  deficient  in  steam 

from  the  alteration  of  the  blast,  although  working  the  regular 

passenger  and  goods  trains  at  full  speed.     There  had  not  been  yet 

an   opportunity  for  making  sufficiently  complete  experiments  to 

prove  the  relative  economy,  hut  the  consumption  of  fuel  was  found 

to  contrast  favourably  with  the  ordinary  engines. 

An  accurate  comparison  of  the  relative  amount  of  duty  obtained 
from  the  same  quantity  of  steam  when  employed  in  these  different 
engines,  is  shown  by  the  approximate  Indicator  diagrams,  Figs.  1,  2, 
and  3,  Plate  54.  which  have  been  carefully  drawn  out  from  comparison 
with  actual  indicator  diagrams,  taken  from  locomotives,  so  as  to  allow 
correctly  for  the  pressure  of  the  exhaust  and  compression,  and  the 
wiredrawing  of  the  valve. 

Fig.  2  shows  the  performance  of  the  steam  in  an  Ordinary  Engine, 
with  two  15-iuch  cylinders  =  353*4  square  inches  area,  and  d4-inch 
stroke,  cutting  off  the  steam  at  8  inches,  or  ^rd  of  the  stroke,  at  A. 
The  pressure  of  the  steam  is  100  lbs.  per  inch  above  the  atmosphere, 
bat  reduced  by  wiredrawing  to  02  lbs.  at  the  point  of  cutting  off,  so 
that  the  dotted  line  A  B  represents  the  actual  quantity  of  steam  supplied 
to  the  two  cylinders  for  one  stroke,  being  353*4  X  8  inches  =  2827  cub. 
in.  at  02  lbs.  per  inch. 

In  this  case,  and  in  the  other  two  diagrams,  the  compression  C  has 
been  made  exactly  sufficient  to  fill  up  the  ports  and  clearance  entirely 
to  the  full  pressure  of  02  lbs.  steam,  for  the  purpose  of  simplifying  the 
comparison  without  interfering  vnth  the  correctness  of  the  result,  so 
that  the  steam  consumed  in  each  case  is  exactly  equal  to  the  extent  of 
motion  of  the  piston  to  the  point  of  cutting  off  the  steam. 

The  steam  is  exhausted  at  D,  having  been  expanded  down  to  28  lbs. 
above  the  atmosphere,  at  which  pressure  it  is  discharged  as  the  blast. 
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The  back  pressure  E  is  taken  at  5lbs.  per  inch  at  full  speed — say  iatctj 
miles  per  hour,  from  the  end  of  the  exhaust  to  the  beginning  of  com- 
pression. 

The  average  positive  pressure  throughout  the  stroke  =  63*8  lbs. 
negative      „  „  „  101  lbs. 

Total  effective  pressure  .  .  .  532  lbs. 


Total  Power  =  353-4  in.  area  X  53*2  lbs.  per  inch  =  18,801 


Fig.  1  shoMTS  the  performance  of  the  same  steam  (2827  cub.  in. 
at  921bs.  per  in.)  in  the  Continuous  Expansion  Engine ;  the  first 
cylinder  is  147*8  sq.  in.  area,(or  about  1 3}  in.  diameter,) and  the  second 
cylinder  is  three  times  the  area  =  443-4  sq.  in.  area  (or  about  23f  in. 
diameter,)  both  being  24-inch  stroke,  the  same  as  before.  The  steam 
is  cut  off  at  A,  at  16^  inches,  or  about  frds  of  the  stroke  of  the 
small  cylinder,  and  at  D  at  1  inch  of  the  stroke  of  the  lai^e  cylinder. 
The  dotted  lines  AB  and  D,  added  together,  represent  the  total 
quantity  of  steam  admitted  in  each  stroke,  being  equal  to  the  line 
AB  in  Fig.  2. 

The  steam  is  expanded  in  both  cylinders  down  to  80  lbs.  per 
inch  at  the  points  E  and  F,  2  inches  from  the  middle  of  the  stroke 
of  the  large  cylinder,  when  the  communication  is  shut  between  the 
two  cylinders,  and  the  steam  in  the  first  cylinder  is  discharged  as 
the  blast,  amounting  to  44  per  cent  of  the  whole  quantity  of  steam 
admitted,  and  at  the  pressure  of  301b8. ;  being  a  little  higher  than 
the  pressure  of  the  blast  taken  in  the  ordinary  engine,  Fig.  2,  and 
about  half  the  quantity  of  steam. 

The  back  pressure  G  in  the  small  cylinder  is  taken  at  51bs.  per 
inch,  the  same  as  in  Fig.  2 ;  but  the  steam  in  the  second  cylinder 
is  further  expanded  down  to  71bs.  per  inch  above  the  atmosphere 
before  it  is  exhausted  at  H,  and  reduced  nearly  to  tlie  atmospheric 
pressure  at  the  end  of  the  stroke,  the  back  pressure  I  being  taken 
at  ilb.  per  inch. 
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Small        Large 

Cylinder.  Cylinder. 

The  average  positive  pressure  throughout 

the  stroke =  STSlbs.  80-81bs. 

Ditto  negative       ditto        ditto         =  IS-Slbs.     4-91b8. 


Total  effective  pressure    .     .  73-4lbs.  25-91bs. 


Total  Power, 
Ist  Cylinder,  147-8  in.  area  X  73-41bs.  per  inch      .     .     .  =  10,849 
2nd  cylinder,  443-4  in.  area  X  25'91bs.  per  inch      .     .     .  =  11.484 


Then  18,801  :  22,333 


Total     . 
100  :  119 


22,333 


Therefore  Gain  =  19  per  cent. 

Consequently  the  power  obtained  in  the  Continuous  Expansion 
Engine,  or  the  total  shaded  area  of  the  Indicator  diagrams.  Fig.  1 , 
is  19  per  cent,  greater  than  the  power  obtained  from  tlie  same  steam 
when  employed  in  the  Ordinary  Engine,  or  the  shaded  area  of  the 
diagram  Fig.  2,  when  the  expansion  is  carried  as  far  as  appears  to 
be  found  practicable,  consistently  with  the  maintenance  of  a  suffi- 
cient pressure  of  blast. 

Fig.  3  shows  the  power  obtained  from  the  same  quantity  of 
steam  in  a  Non-Expansive  Engine  when  the  steam  is  not  cut  off 
until  1  inch  from  the  end  of  the  24  inch  stroke ;  the  cylinder  is 
then  about  122-9  sq.  in.  area  (or  about  12^  inches  diameter),  con- 
taining the  same  quantity  of  steam  (2327  cub.  in.,  at  92lbs.  per  in.) 
in  23  inches  of  the  stroke,  where  it  is  cut  off  at  A,  the  dotted  line 
AB  being  the  same  length  as  in  the  previous  diagrams. 

The  back  pressure  G  is  taken  at  the  same,  51bs.  per  inch,  as  in 
the  first  case. 

The  average  positive  pressure  throughout  the  stroke  =  97-Olbs. 
Ditto       negative         ditto  ditto  =  14-41bs. 


Total  effective  pressure 


82-61bs. 


Total  Power  =  122  9  in.  area  X  82-91bs.  per  inch  .  =  10,151 
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Then  10,151  :  22,383  :  100  :  aao 
Therefore  Gain  =  120  per  cent, 
of  the  Continuous  Expansion  Engine  compared  to  a  Non-Elzpaiistre 
Engine. 

In  the  Continuous  Expansion  Engine,  although  the  second 
cylinder  is  three  times  the  contents  of  the  first  cylinder,  the  average 
pressure  is  about  one-third,  being  25'91bs.  compared  to  73'41bsM  so 
that  the  total  propelling  power  of  each  of  the  cylinders  is  Teiy 
nearly  equal,  as  in  an  ordinary  engine,  and  no  practical  objecdoo 
is  occasioned. 

The  application  of  the  principle  to  Stationary  Engines  was  de- 
scribed in  the  former  paper,  and  it  was  shown  to  be  a  means  of 
carrying  the  expansive  principle  to  a  greater  extent  than  is  prac- 
ticable in  the  present  engines,  thereby  proving  an  important 
source  of  economy,  because  of  the  great  uniformity  in  the  combined 
moving  power  of  the  two  cylinders  as  exerted  upon  the  crank  shaft 
in  a  rotary  direction,  on  account  of  the  cranks  being  at  right  angles, 
and  the  continuous  expansion  of  the  steam  in  the  two  cylinders: 
but  in  ordinary  engines  the  expansion  could  not  be  carried  so  hr, 
where  uniformity  of  motion  was  requisite,  as  in  driving  machinery, 
because  of  the  great  irregularity  in  the  rotaiy  power  that  was  pro- 
duced when  the  expansion  was  carried  far. 

The  comparative  effects  were  shown  by  a  series  of  diagrams,  of 
the  variations  in  the  total  amount  of  moving  power,  or  labouriog 
force,  exerted  in  the  direction  of  the  rotary  motion  of  the  crank,  in 
the  Continuous  Expansion  Engine,  in  Woolfs  Double- Cylinder 
Engine,  and  in  the  Cornish  Engine,  taking  the  steam  in  each  case 
to  be  admitted  at  501bs.  per  inch  above  the  atmosphere,  and  ex- 
panded down  to  the  lowest  useful  pressure  before  it  is  condensed. 
The  following  comparative  results  were  obtained  : — 

Contiira<nu 


Woolfi  CBniah 

Imgliie.         Engine.  Eagiae. 


100  —     114     —     130 


Average  amount  of  irregularity  in  moving  ^ 
power,  throughout  each  stroke  .  .  .  ; 
Extreme  irregularity  during  the  stroke  .  .      100  —     186     —    984 
Comparative  amount  of  work  done  by 


iparative  amount  ot  worK  done  by  \ 
the  same  steam  or  fuel j      ^^^  ~    ^^^    ~ 
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Xhe  general  results  of  these  comparisons  being,  that  the  Cornish 

Engine  is  II  per  cent,,  and  Woolfa  Engine  is  9  per  cent,  more  economi' 

€€mI  in  expenditure  of  fuel  than  the  Continuous  Expansion  Engine^ 

"wlieii  the  expansion  of  the  steam  is  carried  to  the  extreme  limit  in 

eacli  case ;  but  that  this  economy  cannot  be  obtained  practically  in 

those   two  engines,  on  account  of  the  great  irregularity  in  their 

moving  power, — the  average  irregularity  being  in  the  Cornish  Engine 

80  per  cent,  and  in  Woolfs  Engine  14  per  cent,  greater  than  in  the 

Continuous  Expansion  Engine ;  and  the  extreme  irregularity  being 

1 84  and  35  per  cent,  respectively  greater. 

Consequently  it  appears  that,  although  the  expansion  of  the 
steam  cannot  be  theoretically  carried  to  so  great  an  extent  in  the 
Continuous  Expansion  Engine  as  in  the  other  two  engines ; — ^yet 
from  the  moving  power  being  so  much  more  uniform  throughout 
the  stroke,  the  expansion  can  be  carried  practicaUy  to  a  considerably 
greater  extent;  and  a  greater  amount  of  economy  may  be  practi- 
cally obtained  within  the  same  limit  of  uniformity  in  the  moving 
power. 

The  comparison  between  the  Continuous  Expansion  Engine  and 
an  ordinary  Non-Expansive  Condensing  Engine,  in  which  the  steam 
exerts  a  uniform  pressure  upon  the  piston,  from  the  commencement 
to  the  end  of  the  stroke,  shows  that  the  variation  in  the  develop- 
ment of  moving  power  throughout  one  revolution,  is  in  the  former 
case  only  43  per  cent.,  and  in  the  latter,  62  per  cent.,  extreme  varia- 
tioti  from  the  average  power. 

The  relative  economy  of  the  two  Engines,  or  the  amount  of 
duty  obtained  from  the  expenditure  of  the  same  quantity  of  fuel  in 
each  case  is  as  100  to  38;  so  that  the  Continuous  Expansion 
Engine  does  the  same  work  as  the  Non-Expansive  Engine,  with  a 
more  uniform  moving  power,  and  with  62  per  cent,  less  fuel. 


The  Chairman  observed,  that  the  subject  of  the  paper  was 
interesting  and  important,  and  it  was  well  deserving  of  a  thorough 
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inyestigation.  He  enquired  whether  any  indicator  cards  hd 
been  taken  from  the  engines  that  were  altered,  to  show  die 
actual  results  ? 

Mr.  Samuel  replied,  that  the  trials  made  were  incomplete, 
and  he  had  not  had  an  opportunity  of  taking  indicator  diagrams 
from  the  engines,  nor  of  carrying  out  the  trials  sufficiently  to 
obtain  comprehensive  results  suitable  for  laying  before  the 
Institution.  One  of  the  engines  tried  was  a  Goods  £ngine  of  tlie 
largest  size,  on  the  Eastern  Counties  Railway ;  the  valves  only 
were  altered,  and  the  second  cylinder  was  not  enlarged*  It  was 
only  a  temporary  experiment,  which  of  course  caused  a  reduc- 
tion in  the  extreme  power  that  the  engine  could  exert,  and  tbe 
object  was  more  particularly  to  see  how  the  principle  could  be 
best  carried  out  in  practice,  and  whether  the  proposed  reduc- 
tion in  the  blast  could  be  effected ;  the  residt  was  a  saving  of 
12  lbs.  of  coke  per  mile  in  consumption. 

The  Chairman  remarked,  that  the  steam  was  only  supplied 
to  one  cylinder  instead  of  two,  and  therefore  so  much  leas  con- 
sumption of  steam  would  take  place. 

Mr.  Samuel  explained,  that  the  engine  did  the  same  usual 
work  during  the  trial  as  before ;  the  engine-driver  could  work 
the  engine  in  the  ordinary  manner  up  the  inclines,  by  shutting 
the  communication  between  the  two  cylinders,  or  the  engine 
could  not  probably  have  taken  the  load  through  the  trip,  but 
he  might  be  using  more  steam  than  usual  in  the  one  cylinder 
by  keeping  the  regulator  more  open. 

Mr.  £.  Jones  thought  the  proposed  plan  deserved  having 
careful  experiments  tried :  the  diagrams  shown  were  theoretical, 
and  might  mislead  in  the  practical  result<t,  and  he  could  not  say 
how  far  they  would  agree  with  actual  indicator  diagrams,  and 
he  hoped  a  full  trial  would  be  made  of  the  engine. 

The  Chairman  considered  it  very  desirable  that  the  jHrin- 
ciple  should  be  fairly  tried ;  it  seemed  a  good  idea,  and  weU 
worth  being  thoroughly  worked  out. 

Mr.  McCoNNELL  observed,  that  he  had  doubts  whether  an 
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engine  at  considerable  speed,  using  much  steam,  would  get  a 
sufficient  blast  if  altered  in  the  proposed  manner,  and  would  not 
require  the  blast-pipe  to  be  reduced,  involving  a  loss  of  power 
from  that  cause. 

Mr.  Samuel  replied,  that  in  the  two  engines  that  had  been 
tried  no  difficulty  appeared  in  making  steam,  and  they  were  not 
found  short  of  steam.      Goods  engines  working  at  slow  speed 
might  perhaps  be  found  the  most  useful  cases  for  applying  the 
principle.    The  other  engine  that  had  been  tried  was  a  passenger 
engine,  in  which  the  second  cylinder  was  made  double  the  area 
of  the  first;  and  it  was  never  found  short  of  steam,  though 
running  an  express  train  of  considerable  weight.      The  results 
of  the  experiments  as  to  economy  were  interfered  with  by  a 
defect  in  the  construction  of  the  valves,  which  were  tried  with 
india-rubber  packing  at  the  back,  as  equilibrium  valves,  and 
proved  leaky  in  working ;  and  there  was  not  an  opportunity  of 
carrying  out  the  experiment  further  with  valves  of  the  ordinary 
kind,  so  that  no  sufficient  results  were  obtained  as  to  consump- 
tion, though  as  long  as  the  valves  remained  in  order  the  engine 
contrasted  favourably  in  consumption  with  other  engines  of  the 
same  class  and  work.      The  only  definite  result  obtained  was 
with  respect  to  the  sufficiency  of  the  blast,  which  proved  quite 
satisfactory  during  the  regular  passenger  train  work  of  about  a 
month. 

Mr.  McCoNNELL  thought  there  would  be  an  advantage  in 
the  relative  consumption  of  fuel,  from  the  engine  employing 
less  steam  with  the  same  boiler,  as  he  considered  it  was  an 
important  source  of  economy  of  fuel  to  increase  the  heating 
surface  in  proportion  to  the  consumption  of  the  cylinders,  parti- 
calarly  in  the  large  goods  engines. 

The  Chairman  observed,  there  was  some  uncertainty  firom 
the  form  of  the  experiment  whether  the  economy  observed  was 
due  to  an  improved  mode  of  employing  the  steam,  or  was  caused 
by  not  over-working  the  boiler ;  if  less  work  was  performed  by 
the  engine,  then  less  steam  was  wanted  from  the  boiler  in  the 
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same  time^  and  the  smaller  quantity  of  steam  would  be  generated 
more  economically  from  the  same  firegrate  and  heating  sar&ce. 

Mr.  McCoimELL  remarked,  that  great  care  would  be  required 
in  setting  the  valves,  to  insure  the  proper  action  of  the  steam  in 
the  two  cylinders ;  and  it  would  be  more  important  than  in  the 
case  of  the  ordinary  slide-valves,  for  the  valve-geaiing  to  be 
kept  in  perfect  adjustment. 

Mr.  D.  K.  Clark  (of  Edinburgh)  observed,  in  reference  to  the 
correctness  of  the  conclusions  to  be  drawn  from  the  artificial 
indicator  diagrams  that  were  exhibited,  that  although  they  were 
artificial,  they  were  founded  on  actual  diagrams  taken  firoo 
locomotive  engines,  and  therefore  legitimate  conclusions  could 
be  derived  from  them,  and  he  considered  they  might  be  relied 
upon.  The  back  pressure  in  the  second  cylinder,  where  there 
was  no  blast,  had  been  taken  in  the  diagram  at  only  half-pound 
per  inch,  and  would,  of  course,  require  to  be  matter  of  experi- 
ment to  prove  it  positively;  but  he  had  observed  the  back 
pressure  as  low  in  locomotives  where  the  valves  and  ports  were 
properly  adjusted ;  and  in  the  diagram,  taken  from  the  Great 
Britain  engine,  at  fifty-five  miles  per  hour  (which  was  before  the 
Meeting),  the  back  pressure  was  less  than  half-pound,  with  a 
blast  pipe,  when  the  steam  was  cut  off  at  one-third  of  the 
stroke. 

It  had  been  assumed  in  the  paper,  that  the  steam  could  not 
be  cut  off  in  practice  at  less  than  one-third  of  the  stroke,  on 
account  of  the  blast,  but  he  had  found  it  cut  off  at  only  one-fifth 
of  the  stroke  in  engines  on  the  Caledonian  Railway,  and  even 
less :  still  they  worked  well  and  appeared  to  make  steam  enough; 
but  then  it  was  certainly  down  the  heavy  inclines  where  the  con- 
sumption of  steam  was  small. 

The  Chaibman  said  there  was  one  novel  circumstance  in 
the  arrangement  of  the  proposed  engine,  which  did  not  appear 
correct  in  theory :  in  all  the  previous  double-cylinder  engines, 
the  first  piston  was  allowed  to  complete  its  stroke  before  the 
•team  was  expanded  into  the  second  cylinder,  but  in  this  engine 
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tb.e  steam  is  passed  into  the  second  cylinder  at  the  middle  of  the 
Btxolce  of  the  first  piston^  thereby  taking  the  steam  away  at  the 
very  moment  that  it  is  most  efficient  in  the  small  cylinder. 

]Vlr.  Samuel  explained,  that  at  the  half  stroke  of  the  first 

piston,  the  second  piston  was  at  its  dead  point,  and  began  to 

move  very  slowly  when  the  communication  was  opened  between 

the    two  cylinders,  and  consequently  took  very  little  steam 

^wl:iil8t  the  first  piston  moved  through  the  greater  portion  of  its 

remaining  stroke ;  but  then,  as  the  first  piston  was  getting  less 

effectiye  and  approached  its   dead  point,  the  second  piston 

came  gradually  into  full  action,  making  a  continttaua  expansive 

action,  which  was  the  peculiar  feature  of  this  engine,  instead  of 

the  intermittent  expansion  of  the  other  double-cylinder  engines. 

This  was  borne  out  by  the  diagram,  (Fig.  1,)  showing  a  nearly 

continuous  line  of  expansion  (D  F  H)  from  beginning  to  end  of 

the  stroke;  and  the  great  uniformity  in  the  total  moving  power 

of    the    two    cylinders    was    shown   in    the   former    diagram, 

(Plate  53.) 

Mr.  Slate  wished  some  complete  experiments  should  be 
made  on  the  practical  effect  of  expansion;   he  was  doubtful 
whether  so  much  of  the  theoretical  advantage  could  be  obtained 
in  practice  as  had  been  supposed.     In  the  present  engine  he 
could  not  understand  the  advantage  of  employing  part  of  the 
steam  at  a  lower  pressure  in  a  larger  cylinder,  as  he  thought 
that  would  cause  the  constant  resistance  of  the  atmosphere  to  be 
more  seriously  felt.     If  the  strain  were  employed  at  the  full 
pressure,  say  SOlbs.,  in  the  small  cylinder  alone,  the  atmos- 
pheric resistance  would  only  cause  a  deduction  of  one-seventh 
of  the  whole  power ;  but  if  the  strain  were  only  at  about  SOlbs. 
pressure  in  the  large  cylinder,  this  deduction  for  the  atmospheric 
resistance  would  be  increased  to  one-third  of  the  power.     There- 
fore it  appeared  to  him  most  advantageous  to  employ  the  steam 
only  in  the  small  cylinder,  to  diminish  the  proportion  of  atmos- 
pheric resistance  as  much  as  possible^    He  thought  the  diagrams 
given,  though  borne  out  by  the  results  of  calculation,  could  not 

Digitized  by  VjOOQ IC 


52  CONTINUOUS   EXPANSION    STEAM   ENQINB. 

be  argued  from  like  actual  indicator  diagrams  taken  firom  the 
engine^  and  it  was  very  desirable  for  those  to  be  obtained. 

Mr.  Sakubl  said  he  had  given  the  best  informatian.  that  he 
was  able  to  furnish  at  present  respecting  the  engme^  and 
wished  he  could  have  supplied  more  practical  results.  Se  fuOj 
agreed  on  the  importance  of  a  thorough  practical  trials  aad  Jioped 
that  he  had  brought  the  importance  of  the  subject  sufficiently 
before  the  members  to  induce  such  of  them  as  had  the  oppor- 
tunity to  give  it  a  complete  trial. 

The  Chairman  remarked^  that  the  pressure  of  the  i^beam 
during  expansion  would  be  affected  by  the  condensation  that 
always  took  place  to  a  considerable  extent  in  the  cylinder,  and 
the  expansion  curve  in  the  theoretical  diagrams  would  conse- 
quently require  practical  correction  for  the  condensation  and 
temperature.  There  appeared  to  be  always  some  condensation 
produced  when  steam  was  expanded. 

Mr.  CowFEa  thought  the  expansion  curve  could  be  practi- 
cally laid  down  from  Pambour's  experiments^  as  the  actual  devi- 
ation in  practice  from  the  theoretical  rate  of  expansion  was  very 
little.  He  thought  there  would  not  be  found  to  be  any  loss  by 
condensation  in  a  well-protected  cylinder ;  he  had  not  found  any 
condensatibn  to  take  place  in  the  experiments  that  he  had  tried 
on  expansion. 

The  Chairman  said  he  had  always  found  a  condensatioii 
take  place  in  expanding  steam,  and  he  considered  that  the  heat 
in  steam  was  not  sufficient  to  maintain  all  the  steam  in  agaseous 
state  during  expansion;  and  a  portion  of  it  was  consequently 
condensed. 

A  vote  of  thanks  was  then  passed  to  Mr.  Samuel  for  his 
communication. 
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The  following  paper,  by  Mr.  John  WUson,  of  Bridgewater 
Works,  St.  Helens,  was  then  read : — 


ON  A  NEW  MODE  OF  MEASURING  HIGH 
TEMPERATURES. 

Several  methods  have  been  proposed  for  the  measurement  of 
temperatures  beyond  the  range  of  the  Mercurial  Thermometer. 

Wedgwood's  Pyrometer  was  founded  on  the  property  which  clay 
possesses  of  contracting  at  high  temperatures.  This  efifect,  which 
in  the  first  instance  is  due  to  the  dissipation  of  the  water,  but  after- 
wards to  the  partial  vitrification  occurring,  which  tends  to  bring 
the  particles  of  clay  into  nearer  proximity — may  in  some  measure 
be  regarded  as  an  indication  of  the  temperature  which  occasioned 
the  contraction. 

The  apparatus  consisted  of  a  metallic  groove,  24  inches  long, 
the  sides  of  which  converged,  being  half-an-inch  wide  above  and 
three-tenths  below.  The  clay  was  made  up  into  little  cylinders  or 
truncated  cones,  which  fitted  the  commencement  of  the  groove  after 
having  been  heated  to  redness ;  and  their  subsequent  contraction 
by  heat  was  determined  by  allowing  them  to  slide  from  the  top  of 
the  groove  downwards  till  they  arrived  at  a  part  of  it  through  which 
they  could  not  pass.  Wedgwood  divided  the  whole  length  of  the 
groove  into  240  degrees,  each  of  which  he  supposed  equal  to  IdO"" 
of  Fahrenheit,  and  he  fixed  the  zero  of  his  scale  at  the  1077th 
degree  of  Fahrenheit's  Thermometer. 

'*  Wedgwood's  Pyrometer  is  no  longer  employed  by  scientific 
men,  because  its  indications  cannot  be  relied  on.  Every  obser' 
vation  requires  a  separate  piece  of  clay,  and  the  experimenter  is 
never  sure  that  the  contraction  of  the  second  piece  from  the  same 
heat  will  be  exactly  similar  to  that  of  the  first,  especially  as  it  is 
difficult  to  procure  specimens  of  the  earth  the  composition  of 
which  is  in  every  respect  the  same.  Hence  also  the  different  results 
obtained  by  different  observers ;  Guyton  de  Morveau  making  each 
degree  to  correspond  to  62^"*  of  Fahrenheit,  instead  of  130"  as 
stated  by  Wedgsnood"— {Turner's  Chemistry.) 

DanieWs  Pyrometer. — In  the  Pyrometer  invented  by  the  late 
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Professor  Daniell,  the  temperatare  is  measured  by  the  expansion  of 
an  iron  bar  enclosed  in  a  case.     This  case  consists  of  a  bar  of  black* 
lead  earthenware,  in  which  is  drilled  a  hole,  f^ihs  of  an  inch  in 
diameter,  and  7}-  inches  deep.     Into  this  hole  a  cylindrical  bar  of 
platinum  or  soft  iron,  of  nearly  the  same  diameter,  and  6|>  inches 
long,  is  introduced  so  as  to  rest  against  the  solid  end  of  the  hole : 
and  upon  the  outer  or  free  end  of  the  metallic  bar  rests  a  cylindrical 
piece  of  porcelain  called  the  index,  \\  inches  long,  which  is  kept 
firmly  fixed  in  its  place  by  a  strap  of  platinum  and  a  little  wedge  of 
earthenware.     The  object  of  this  arrangement  is,  that  when  the 
instrument  is  heated,  the  metal,  expanding  at  each  temperature  more 
than  the  earthenware  case,  presses  forward  the  index,  which,  in 
consequence  of  the  strap  and  wedge,  remains  in  the  place  to  which 
it  had  been  forced  when  the  instrument  is  removed  from  the  fire 
and  cooled.      There  is  a  scale,  afterwards  attached,  for  measuring 
the  precise  extent  to  which  the  index  has  been  pushed  forward  by 
the  metallic  bar ;  and  it  thus  indicates  the  apparent  elongation  of 
the  bar,  that  is,  the  difference  between  its  elongation  and  that  of 
the  black-lead  case  which  contains  it.     "  For  its  indications  to  be 
correct,  (namely,  that  equal  dilatations  should  indicate  equal  incre- 
ments of  heat),  it  is  necessary  that  the  bar  and  the  case  should 
expand  imiformly,  or  both  vary  at  the  same  rate.     But  as  regards 
the  black-lead  case,  its  total  expansion  is  so  very  small  that  any 
want  of  uniformity  at  the  intermediate  points  cannot  be  detected. 
As  for  the  expansions  of  the  metallic  bar,  these  are  not  exactly 
imiform,  but  still  they  afford  a  good  practical  index  of  the  relative 
intensity  of  different  fires,  and  would  be  an  exact  measure,  if  the 
precise  rate  of  expansion  could  be  determined." — (runurr'a  Chefmigiry) 
Air  Pyrometer, — In  some  cases  the  measurement  of  high  tem- 
peratures  has  been  attempted  by  means  of  a  hollow  sphere  of 
platinum,  fitted  with  an  escape  tube ;  then  the  hotter  the  fire  to 
which  the  platinum  vessel  is  exposed,  the  greater  is  the  quantity  of 
air  driven  out  of  it ;  and  this  is  received  over  water  and  measured. 
In  cases  where  this  instrument  can  be  conveniently  applied,  it  is 
capable  of  yielding  very  accurate  results.     (See  experiments   of 
Pouillet,tome  1,  p.  361,  in  Elemens  de  Phyeigue  et  de  MeUorologie.) 
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Niw  Pyromiter. — The  following  is  (lie  method  employed  bj  the 
author  of  the  present  paper  to  measnre  hi^  temperatures.  Take 
a  given  weight  otflaHmm,  and  expose  it  for  a  few  minntes  to  the 
fire  the  temperature  of  which  is  to  be  measured)  and  then  plunga 
it  into  a  vessel  containing  water  of  a  determined  weight  and  temper- 
ature, and  after  the  heat  has  been  communicated  to  the  water  by 
the  heated  platinum,  mark  the  temperature  which  (he  water  has 
attained :  and  from  this  is  estimated  the  temperature  to  which  the 
platinum  had  been  subjected.  Thus,  if  the  piece  of  plaUnum 
employed  be  1000  grains,  and  the  water  into  which  it  is  plunged  be 
2000  grains,  and  its  temperature  OO"*,  should  the  heated  platinum 
when  dropped  into  the  water  raise  its  temperature  to  QO*",  then 
QO^^^O^'^sst^if ;  v^ieh,  multiplied  by  3,  (because  the  water  is  twice 
the  weight  of  the  platinum,)  gives  OO*',  that  an  equal  weight  of  water 
would  have  been  raised.  Again ;  should  the  water  in  another  case 
gain  40**,  then  40*^  X  2  =  80°,  denotes  the  temperature  as  measured 
by  the  pyrometer.  To  convert  the  degrees  of  this  instrument  into 
degrees  of  Fahrenheit,  we  must  multiply  by  81-35,  or  31^.  Thus, 
80*^  X  31i,  would  give  adOO'  of  Fahrenheit  And  60*  X  8Ji  « 
1875^ 

The  multiplier  31*25  is  the  number  expressing  the  specific  heat 
of  water  as  compared  with  that  of  platinum,  the  latter  being  regarded 
as  1. 

In  order  to  obtain  veiy  accurate  results  by  this  method,  precau- 
tions similar  to  those  required  in  determining  the  specific  heat  of 
bodies  must  be  taken ;  that  is,  it  is  necessaiy  to  guard  against  the 
dissipation  of  heat  by  conduction  and  radiation.  The  apparatus 
used  by  the  author  is  shown  in  Figs.  S  and  3,  Plate  55,  and  consists 
of  a  polished  tinned  iron  vessel,  of  a  cylindrical  form,  3  inches  deep 
and  ^  inches  in  diameter ;  this  is  placed  within  a  concentric  cylinder, 
separated  from  the  enclosed  vessel  about  i  inch.  By  this  means 
there  is  but  little  heat  lost  during  the  eiperiment,  either  by  radiation 
or  conduction. 

At  the  commencement  of  the  experiments,  the  author  imagined 
it  would  be  necessaiy  to  employ  a  considerable  proportion  of  water, 
and  therefore  took  twenty-five  times  the  weight  of  the  platinum ; 
but  he  found  that  the  temperature  gained  by  the  water,  even  in 

c 
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eases  of  very  high  heats,  did  Dot  exceed  4"  or  5%  and  an  enror  c^ 
l"*,  when  converted  into  degrees  of  Fahrenheit,  amounted  to  400^. 
To  ohtaln  results  within  much  narrower  limits  of  error,  it  became 
obvious,  a  much  smaller  proportion  of  water  should  bo  emplojed ; 
and  ultimately  it  was  found  that  doMe  the  weight  of  the  pladnum 
was  in  all  cases  sufEicient. 

There  is  no  appreciable  loss  of  heat  from  the  eri^oiation  of 
steam  when  the  hot  platinum  is  plunged  into  the  water ; — there  is 
probably  no  actual  contact  with  the  water  until  the  platinum  is 
fairly  at  the  bottom  of  the  water.  It  is  in  fact  the  converse  of  drop- 
ping water  on  a  plate  of  platinum  or  iron  strongly  heated,  in  which 
ease  the  water,  instead  of  being  suddenly  dissipated  as  steam, 
assumes  the  spheroidal  form,  and  runs  about  over  the  plate  withoot 
coming  in  contact  with  the  heated  surface.  It  is  only  when  the  tem- 
perature of  the  metal  becomes  much  reduced  that  the  water  is 
rapidly  converted  into  vapour. 

But  whatever  may  be  thought  of  this  theory  of  contact,  the  fiiet 
is  certain,  that  there  is  no  necessity  to  increase  the  depth  of  the  vessel 
of  water  to  guard  against  the  loss  of  heat  by  evaporation,  or  the 
escape  of  any  bubbles  of  steam. 

In  ttscertaining  temperatures  by  this  Pyrometer,  a  correction  has 
to  be  made  for  the  portion  of  the  total  heat  that  is  absorbed  by 
1  St,  the  mercury  of  the  thermometer  in  the  water ; 
2nd,  the  glass  bulb  and  stem  of  the  thermometer ; 
3rd,  the  iron  vessel  containing  the  water ; 
4th,  the  heat  retained  by  the  piece  of  platinum. 
The  portion  of  the  total  heat  that  is  absorbed  by  these  several 
bodies,  compared  to  the  portion  received  by  the  water,  will  be  in 
proportion  to  their  several  weights,  and  the  specific  heat  of  each 
compared  with  water. 
Mercury  .  .      200  grains  X  ith  specific  heat==7  g^X'^mter. 
Glass     .  .  .        36      „      X  ith        „  6 

Iron    ....      668      „      X  Jth  „  73 

Platinum    .    1000      „      X^nd  „  31 

Total  ...     117 
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Therefore  the  effect  of  these  bodies  is  equivalent  to  the  addition 
of  1 1 7  grains  to  the  2000  grains  of  water,  or  ,}th  has  to  be  added 
SLS  a  correction  to  all  the  temperatures  obtained  by  this  instrument ; 
or  in  other  words,  the  multiplier  must  be  increased  from  31}  to  S8 
ixi  this  instrument,  and  in  ail  similar  ones  where  the  weights  of  the 
znercuiy  and  glass  of  the  thermometer,  and  of  the  iron  vessel,  are 
the  same  as  stated  above. 

The  following  are  some  of  the  results  obtained  by  this  new 
Pyrometer. 

In  the  experiments  to  which  they  refer,  the  melting  points  were 
ascertained  by  placing  about  two  ounces  of  the  metal  in  a  cupel 
placed  by  the  side  of  another  cupel  containing  the  piece  of  pla- 
tinum ; — ^the  moment  that  the  metal  became  fluid,  the  platinum 
was  withdrawn,  and  the  temperature  measured  as  before  described. 
It  is  necessary  to  avoid  contact  between  the  platinum  and  the 
melted  body,  for  in  some  cases  an  alloy  would  be  formed,  and  in 
others  a  portion  of  the  melted  substance  would  adhere  to  the 
platinum  and  affect  the  results ;  the  closest  proximity  is  requisite, 
but  contact  must  be  avoided.  In  lifting  the  piece  of  platinum,  a 
pair  of  tongs  is  employed  heated  to  rednese,  to  prevent  any  abstract 
tion  of  heat  during  the  momentary  contact 

tElCPERATlTBES  OF  MELTING  POINTS  IN  DEOBEES  OF  FAHBENHEIT. 

Wilson, 
wiik  Hew  P^neler. 

saver 1890^ 

Copper 2220' 

Grey  Cast  Iron  .  2320* 
Copper-smelting 

Furnace  .  .  .  3128''        ...        ...  

Crown  Glass  .  .  2244**         ...        ...  

Flint  Glass  .  .  .  214B'        ...        ...         

Copper  Slag  .  .  2046*        ...        ...         

As  the  piece  of  platinum  is  the  most  expensive  part  of  the 
apparatus,  it  is  proposed  that  for  practical  purposes  generally,  a 
small  piece  of  baked  Stourbridge  clay  be  substituted  for  the  platinum ; 


PocnxiT, 

Daniell, 

Witt  Air  PrraMtw- 

fitkIiHPn«M(er. 

lSSa" 

1873' 

1996"" 

8210° 

aTSO" 
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and  the  author  has  found  by  9zperim«Qt»  that  a  piece  of  SUmAaid^ 
elay,  IMK)  grains  in  wei^t,  when  heated  to  the  melting  point  d 
rilimt  and  then  phinged  into  the  tinned  vessel  contiumng  ^^ 
grains  of  water,  raises  the  temperature  of  the  water  AV, 

Now  if  1890''  Fahrenheit,  (the  melting  poijnt  of  sil^^  loo^ 
before,)  be  divided  by  il,  we  obtain  4d''  as  the  luunber  cozre^pon^ 
ing  to  V  of  this  pyrometer ;  and  46  will  therefore  be  the  eoneet 
multiplier,  and  no  corrections  are  required  for  any  heat  abstracted 
by  the  thermometer,  the  tinned  vessel,  or  the  piece  of  day. 

The  temperature  of  all  sorts  of  fuinaeea  and  flues  of  ateam^ 
engines,  &c.,  may  be  readily  ascertained  by  meaos  of  the  piece  <d 
Stourbridge  clay. 


Mr.  WiLsp^  exhibited  his  new  instrument,  and  showed  the 
mode  of  using  it. 

The  Chai&man  expressed  the  interest  he  felt  in  Uus  new 
pyrometer  that  had  been  hrcmght  before  fiie  meeting,  and 
considered  it  an  ingenious  and  effieient  instrument.  He  reman- 
bered  having  a  conversation  with  the  late  Professor  Daniell  oa 
the  subject  of  his  pyrometer,  and  expressing  a  doubt  of  the 
nearness  of  tJie  approximation  in  the  results  obtained  from  that 
instrument;  in  fact,  snch  delicate  manipulation  was  required 
in  using  it,  diat  it  was  scarcely  available  except  in  the  hands  of 
the  inventor  himself.  But  Mr.  Wilson's  instrument  was  so 
extremely  simple  in  the  construction  and  practical  application, 
that  an  accurate  measure  of  the  quantity  of  heat  could  be  relied 
upon,  vrith  ordinary  care  in  the  employment  of  the  instrument 

It  might  be  theoretically  considered^  that  juatUiiy  of  heat 
was  a  di£ferent  point  from  intensity  of  heat,  as  in  the  case  of 
voltaic  electricity,  the  dijference  between  quantity  and  intenidtj 
was  knovm  to  be  so  strongly  marked  in  the  different  effects 
produced;  and  this  pyrometer,  although  measunng  conectly 
the  relative  quantity  of  heat  required  to  nieU  different  bedi»i 
might  give  tax  from  a  correct  measure  of  the  relative  intsnotf 
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of  different  fires.  However,  the  same  theoretical  question 
applied  of  course  to  the  ordinary  mercurial  thermometer,  which 
y^B8  also  the  standard  of  measure  in  this  pyrometer,  and  to  all 
thermometers  which  measured  the  degree  of  heat  by  the  relative 
escpansion  of  any  body  by  heat,  whether  mercury,  iron,  or  air. 
He  inquired  whether  Mr.  Wilson  had  tried  the  temperatures  of 
any  furnaces  and  flues  with  his  pyrometer  ? 

Mr,  Wilson  replied  that  he  had  not  had  an  opportunity  at 

present  of  making  experiments  on  the  temperature  of  furnaces, 

&c.,  but  hoped  to  do  so  shortly.    He  proposed  to  employ  the 

pieces  of  Stourbridge  clay  for  this  purpose,  and  to  carry  the 

piece  of  day  in  a  smaU  bowl  or  hollow  at  the  end  of  an  iron 

rod,  which  could  be  readily  introduced  into  the  flue  through  a 

small  hole  in  the  side,  and  after  being  left  there  as  long  as 

required  to  insure  the  fiill  temperature  being  attained,  the  iron 

rod  could  be  withdrawn  and  the  piece  of  clay  dropped  instantly 

into  the  vesselof  water,  without  being  touched  by  any  other  body. 

Mr.  ChiFT  enquired  whether  the  pieces  of  clay  could  be 

UBed  more  than  once,  on  account  of  cracking  when  plunged  into 

the  water :   and  whether  there  was  not  a  dif&culty  in  obtaining 

them  sufficiently  uniform  in  composition  and  in  specific  heat  to 

afford  a  correct  measure  ? 

Mr.  Wilson  replied  that  he  had  not  found  any  difficulty  in 
using  the  pieces  of  clay,  and  had  used  the  same  piece  as  many 
as  eight  times  without  any  change,  and  he  expected  it  would  do 
for  a  hundred  times.  It  was  only  requisite  to  obtain  ordinary 
pure  clay,  and  to  have  the  pieces  well  fired.  The  pieces  should 
not  exceed  the  siae  shown,  half«an-iiic)i  in  thickness,  to  ensure 
the  day  being  uniformly  heated  throughout,  as  it  was  so  alow  a 
conductor  of  heat. 

The  Chaikmah  suggested  that,  as  a  check  upon  its  accuracy, 
the  pyrometer  should  be  tried  with  lead  and  some  other  metals 
of  which  the  melting  points  were  already  accurately  ascertained, 
beirig  within  the  range  of  the  mercurial  thermometer. 

Mr.  Wilson  said  he  had  tried  it  with  xinc,  but  not  with 
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lead.  He  remarked,  that  any  body  might  be  employed  for  the 
construction  of  a  pyrometer  on  this  principle,  by  measuring  its 
relative  weight  compared  >vith  the  water,  provided  that  its 
specific  heat  was  correctly  known.  But  it  was  necessaiy  to 
observe  that  in  measuring  the  melting  point  of  bodies,  the  tem- 
perature must  be  taken  just  before  melting  takes  place,  because 
at  the  moment  of  liquefaction  a  certain  quantity  of  latent  heat 
was  absorbed,  as  in  the  case  of  ice  being  melted  into  water ; 
and  beyond  that  point  the  temperature  of  the  melted  metal 
might  rise  considerably,  and  make  the  observation  incorrect. 
In  the  case  of  the  melting  point  of  silver,  he  had  found  an  error 
of  400**  was  caused  when  this  was  not  attended  to. 

The  results  obtained  by  this  pyrometer  could  not  be  regarded 
as  absolutely  correct,  since  the  specific  heat  of  platinum  is 
assumed  as  constant  at  all  temperatures,  which  is  not  strictly 
true.  Nevertheless,  these  results  are  quite  as  near  approxima- 
tions to  perfect  accuracy  as  those  given  by  the  common  mercurial 
thermometer,  and  all  other  instruments  of  the  kind  founded  on 
the  principle  of  expansion ;  for  the  variations  in  the  rate  of 
dilation  at  dijBFerent  temperatures  are  quite  as  great  as  the 
variations  in  the  specific  heat  of  a  body. 

The  Chairbian  proposed  a  vote  of  thanks  to  Mr.  Wilson,  for 
his  interesting  and  valuable  communication,  which  was  passed. 


The  following  paper,  by  Mr.  Daniel  K.  Clark,  of  Edinburgh, 
was  then  read : — 

ON  THE  EXPANSIVE  WORKING  OF  STEAM 
IN  LOCOMOTIVES. 

The  opinions  as  well  as  the  practice  of  Engineers  on  the 
working  of  Steam  expansively  in  Steam  engines,  have  been,  and 
still  are,  at  variance.     Though  many  are  disposed  to  grant  that 
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there  may  be  under  certain  conditions  a  sensible  economy  of  steam 
when  worked  expansively,  they  have  no  durable  faith  in  the  prin- 
ciple, and  consequently  in  their  practice  they  do  not  concern 
themselves  with  the  provisions  which  are  essential  to  its  success. 
In  locomotives  this  want  of  confidence  is  conspicuous,  for  in  many 
of  them,  as  will  be  shown,  the  most  obvious  conditions  of  success 
in  the  employment  of  steam  expansively,  are  overlooked  in  their 
design  and  arrangement.  The  opinion  has  been  recently  placed  on 
record,  in  reference  to  expansive  working  in  locomotives,  that  "  it 
seems  very  doubtful  in  theory,  and  the  results  of  practice  would 
seem  to  confirm  this  view,  whether  any  real  advantage  is  gained  by 
the  so-caUed  expansive  working."  In  coming  to  this  conclusion, 
however,  it  was  assumed  that  the  steam  has  a  comparatively  low 
average  pressure  in  the  cylinder  at  high  speeds.  In  such  circum- 
stances the  benefit  would  be  proportionally  limited ;  but  this  is  a 
very  partial  view  of  the  question,  as  the  reduction  of  pressure  at 
high  speeds  is  merely  incidental  to  defective  proportions. 

This  leads  to  the  first  grand  defect  in  the  general  design  of 
locomotives — the  adoption  of  a  low  standard  of  steam  pressure  in 
the  boiler.  The  more  expansively  the  steam  is  worked  in  a  given 
cylinder,  the  less  is  the  effective  mean  pressure  on  the  piston,  and 
the  less  is  the  work  done  by  the  engine.  It  therefore  happens  in 
many  cases  that  the  liberty  of  working  expansively  is  limited  by  the 
necessity  for  a  sufficiency  of  power  to  do  the  work  required ;  and 
that  in  the  performance  of  ordinary  work,  the  demand  for  power  is 
such  as  to  require  the  steam  to  be  admitted  to  the  cylinder  during 
one  half  to  two  thirds  of  the  stroke.  Besides,  the  habitual  use  of 
high-pressed  steam  in  the  cylinder  reduces  the  relative  importance 
of  the  atmosphere  as  a  neutralizer  of  power. 

Secondly,  even  were  the  power  sufficiently  great  to  permit  of 
highly  expansive  working,  the  cylinders  are  in  many  engines  so 
imperfectly  protected,  as  partially  to  condense  the  steam  within 
them.  Moreover  the  proportion  of  steam  condensed  increases  with 
the  degree  of  expansion,  and  so  serious  is  the  destruction  of  power 
from  this  cause,  that  even  were  the  pressure  sufficiently  great  to 
permit  of  highly  expansive  working,  the  benefit  of  expansion,  if  it 
be  attempted  by  cutting-off  earlier  than  from  one  half  to  one  third 
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of  the  8troke»  is  nentrdized  bj  the  greater  eondensadon  of  the 
steam  thereby  incurred. 

The  object  of  this  paper  is  to  show  at  what  rate  in  praetice  the 
efficiency  of  steam  is  increased  by  expansive  working  in  Locomotives 
with  the  best  existing  arrangements  of  cylinders,  valves,  and  valte 
gear,  and  to  point  oat  the  conditions  on  whidi  expaitsive  action 
may  be  most  successfully  carried  out. 

I. — Of  the  action  and  eapabUUien  of^  Lmh-motion, — ^The  action 
of  the  valves  in  the  *'  distribution  "  of  Ihe  steam  (a  term  borrowed 
from  the  French)  is  regulated  by  three   elements,  Ae  li^,  t2ie 
lead,  and  the  travel.    When  these  are  given,  the  point  of  the  stroke 
of  the  piston  at  which  the  steam  is  admitted  to  the  cylinder,  cntof^ 
exhausted,  and  compressed  or  shut  up,  are  all  deduceable  by  model, 
by  diagitun,  or  by  calculation.    This  can  be  done,  whether  the  valve 
derives  its  motion  from  a  single  eccentric,  or  from  a  link-motion, 
as  the  motion  of  the  valve  is  virtually  the  same  in  both  cases.     The 
way  in  which  the  valve  is  caused  to  cut-off  or  suppress  the  steam 
earlier  by  the  link  motion,  is  by  short&nmg  the  travel  of  t^  vahe; 
this  is  accomplished  by  means  of  the  reversing  gear,  in  sach  a 
manner  that  whatever  be  the  reduction  of  travel  communicated  to 
the  valve,  the  lead  is  always  at  least  the  same  as  in  full  gear,  and 
with  the  shifting  link  is  rather  increased.     In  shortening  the  travel, 
not  only  is  the  steam  cut-off  at  an  earlier  point  of  the  stroke ;  it  is 
also  exhausted  earlier,  and  admitted  earlier,  and  the  exhaust  port 
is  closed  earlier  during  the  return  stroke  upon  the  e:diau6t  steam. 
Thus,  by  shortening  the  travel,  every  thing  affecting  the  distribution 
is  done  earlier  in  the  course  of  the  steam  and  return  strokes.     This 
conclusion  is  very  well  illustrated  by  the  excellent  diagrams  of  the 
valve  motion  of  the  Atlas  Goods  Engine,  with  which  the  members 
of  the  Institution  are  familiar. 

In  his  experiments  on  the  action  of  steam,  the  writer  employed 
Mc  Naught's  Indicator,  which  he  applied  to  the  front  end  of  one  of 
the  cylinders  of  the  engine,  and  received  the  alternate  motion  for 
the  paper-cylinder  from  the  end  of  the  piston  rod,  through  an 
intermediate  lever  suspended  from  the  engine  frame.  To  test  the 
actual  state  of  the    valve-gear  of  each  engine  at  the  time  of  the 
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experiment,  so  fkr  4b  it  affected  the  distribtition,  Indicator  diagrams 
Tvere  obtained  from  the  cylinder  at  vei^y  low  speeds,  undei^  each 
Xiotcli  of  the  sector  of  the  reversing  gear.     The  diagrams  so  obtain- 
ed,  oi  which  some  examples  are  given  in  Figs.  1,  Q,  and  3,  Plates 
55   and  06,  are  angnlaf  and  sharply  defined,  and  they  show  with 
precision  at  what  points  of  the  stroke  the  changes  of  the  distribution 
take  place.     For  instance,  in  the  diagram,  Fig.  ],  Plate  55,  (from 
the  Caledonian  Railway  Engine,  No.  18«  fitted  with  shifting  links, 
taken  under  full-gear,  in  the  first  notch  of  the  sector,  and  marked 
So.  I) ;  the  opening  of  the  port  for  the  admission  of  steam  com- 
meDces  at  the  point  A,  about  i{ths-inch  before  the  beginning  of  the 
Bteam  stroke,  when  the  line  starts  upwards  to  the  regular  steam 
level  at  B,  in  time  to  commence  the  steam  stroke  at  full  pressure. 
From  6  to  C,  the  steam  is  shown  to  be  admitted  to  the  cylinder  at 
a  uniform  pressure  of  88  lbs.      At  C,  it  is  cut-off,  or  suppressedi 
and  while  the  piston  moves  from  C   to   D,  the  enclosed  steam 
expands  behind  it  at  a  regularly  decreasing  pressure,  shown  by  the 
curve  G  D.    At  D,  the  steam  is  exhausted,  and  the  pressure  quickly 
declines  till  the  end  of  the  steam  stroke  E.     During  the  return  or 
exhaust  stroke,  the  steam  continues  to  exhaust  into  the  atmosphere, 
and   the  atmospheric  line  E  F  is  described.      When  the  piston 
arrives  at  F,  the  exhaust  steam  is  denied  any  further  egress,  and 
the  piston  continuing  in  motion,  it  compresses  the  steam  against 
the  end  of  the  cylinder,  and  raises  the  pressure  as  indicated  by  the 
line  F  A,  until  at  A  steam  is  admitted  from  the  steam-chest  for  the 
next  steam  stroke.      The  portions  of  the  double  stroke  described  by 
the  piston  during  this  succession  of  changes  or  events,  traced  for  one 
face  of  the  piston,  are  distinguished  by  the  writer  as  the  periods  of 
the  distribution,  and  the  points  of  the  stroke  at  which  the  changes 
occur,  as  the  points  of  the  distribution.     These  are  further  distin- 
guished as  follow  :— 

A  is  the  point  of  admission ; 
C  is  the  point  of  ciUHng-off,  or  suppression  ; 
D  is  the  point  of  exhaust,  or  release ; 

F  IB  the  point  of  compression ;  also  the  portion  of  the  stroke  de- 
scribed while  the  line  AB  is  traced,  is  the  period  of  pre-admission; 

D 
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The  portion  of  the  stroke  BG  is  the  period  of  admisnon  ; 

The  portion  hetween  C  and  D  is  the  period  of  expanwm; 

The  portion  hetween  D  and  E  is  the  period  of  eaehaust  during  the 
steam  stroke ; 

The  portion  EF  is  the  period  of  exhaust  during  the  petum  stroke: 

The  portion  hetween  F  and  A  is  strictly  the  period  qfcompressiim; 
hut  the  period  of  pre-admission  is  generally  added  to  it,  and  thus  the 
compression  usually  signifies  the  whole  distance  of  the  point  F  iiora 
the  end  of  the  return  stroke. 

These  definitions  apply  to  diagrams  taken  from  every  notch  of 
the  sector,  as  it  will  be  seen  from  the  diagrams  Nos.  S,  3,  4,  Fig.  1. 
from  the  same  engine,  that  however  varied  in  form,  they  have  all 
the  parts  of  the  diagram  No.  l,  for  full-gear. 

The  following  Table,  No.  1,  contains  the  positions  of  the  points 
of  the  distribution  of  No.  13,  CJl.  Engine,  for  every  notch  of  the 
sector,  measured  from  the  beginning  of  the  steam  stroke. 


TABLE  No.  1.—. 

The  THstnbvJtum  for 

No.  ncM. 

Engme. 

Stroke 20  inches 

Lead  in  full-gear  ....       f^      „ 

Ditto  in  mid-gear ....      ,',       „ 

Lap n       ., 

Travel 

4i       ., 

No.  of 
Notch. 

Points  of  the  Distribution. 

Catting^ff. 

Exhaust. 

AdmkMn. 

Incbee 

of 
Stroke. 

Pr.oent. 

of 
Stroke. 

Inches 

of 
Stroke. 

Pr.cent. 

of 
Stroke. 

Inohea 

of 
Stroke. 

Pr.oent. 

of 
Stroke. 

iBches 

of 
Stroke. 

Pr.ent. 

of 
Stroke. 

No.   1,  full-gear 
forward   .     . 

m 

63 

171 

86 

2ft 

13 

s 
le 

1 

No.  2      ... 

9J 

49 

161 

82 

3J 

19 

6 

2 

No.  3      .     .     . 

61 

33 

14i 

72 

6i 

82 

I 

5 

No.  4,  mid-gear 
forward  .     . 

3J 

165 

10} 

54 

9* 

48 

2| 

11 
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Ist — It  is  obvious  from  this  table,  in  conjanction  with  the 
diagrams,  that  the  sooner  the  steam  is  cut-off,  the  sooner  it  is 
exhausted,  the  sooner  the  port  is  closed  for  exhaustion,  and  the 
sooner  the  port  is  opened  for  the  admission  of  steam. 

2nd. — ^That  though  every  change  is  made  earlier — as  measured 
in  parts  of  the  stroke — there  is  less  difference  in  the  position  of  the 
points  of  exhaust,  compression,  and  admission,  than  in  that  of  the 
cutting  off.  Consequently,  the  shorter  the  admission,  the  longer  is 
the  expansion,  as  the  exhaust  point  does  not  recede  so  much  as  the 
point  of  cutting  off. 

3rd. — That  by  the  shifting  link-motion,  the  steam  may  be  cut 
off  at  from  Jth  to'Jth  of  the  stroke. 

4th. — That  though  the  exhaust  takes  place  earlier  for  every 
increase  of  expansion,  it  does  not  in  any  case  take  place  within  the 
first  half  of  the  stroke.  For  mid-gear  it  occurs  in  fact  at  54  per 
cent,  of  the  stroke ;  and  the  steam  is  expanded  into  8^  times  the 
length  of  stroke  at  which  it  is  cut  off. 

6th. — ^That  the  period  of  compression,  increasing  as  the  admis- 
sion is  reduced,  amounts  to  about  one-half  stroke  in  mid- gear. 

6th. — That  the  pre-admission  of  the  steam,  not  above  1  per  cent, 
of  the  stroke  in  full  gear,  reaches  about  10  per  cent,  in  mid-gear. 

These  results  are  for  an  ordinary  shifting  link-motion,  in  every 
modification  of  which  the  lead  increases  with  the  degree  of  expan- 
sion, and  in  which  the  lead  in  this  case  rises  from  xs^hs  to  uths  inch 
in  mid-gear.  Whereas,  in  stationary  link-motions,  having  the  links 
suspended  directly  from  a  fixed  point,  the  lead  is  constant  for  all 
degrees  of  expansion ;  and  if  in  these  the  lead  be  set  at  ^th  to  /^ths 
inch  constant,  we  should  be  able  to  cut  off  at  even  10  to  12  per 
cent,  of  the  stroke,  or  at  /oth  to  ^th  of  the  stroke.  For  example,  in 
the  diagram  from  No.  125,  C.R.  Engine,  in  Fig.  3,  Plate  56,  (lap  li 
inch,  lead  J  inch.)  the  steam  is  shown  in  No.  5  diagram  to  be  cut- 
off at  ^\  out  of  24  inches  stroke,  or  at  }th  from  the  front  end  of  the 
cylinder.  Now  in  this  engine,  as  the  valve-gearing  was  slightly  out 
of  balance,  the  steam  was  cut-off  1  inch  earlier  for  the  back  stroke 
in  mid-gear,  that  is,  at  2  J  inches ;  and  the  mean  of  the  two,  or  3 
inches,  is  the  mean  admission  in  mid-gear,  or  Jth  of  tlie  stroke. 
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It  has  been  thought  neeessaiy  to  go  into  these  prdimiBcrr 
expUnations,  to  show  that  the  link-mQiion  is  capahle  of  etUUm^  cf 
Bteam  as  early  in  the  course  of  the  stroke  a»  can  ever  he  admablt  m 
practice. 

It  hc^s  been  seen  that  the  earlier  the  steam  is  oat*off,  the  e^U^ 
also  it  is  exhausted ;  until  in  mid-gear  it  may  be  released  at  laMr 
stroke.     This  has  been  deemed  a  serious  objection  to  the  use  of 
link-motions  for  high  expansion,  as  it  is  supposed  to  lead  to  a  seii- 
ous  loss  of  expansive  action,  by  exhausting  prematurely.     This  loss 
is,  however,  a  mere  trifle  in  practice.      The  escape  of  the  steam  is 
by  no  means  instantaneous,  as  the  slow  diagrams  in  Figs.  1,  2,  and 
8,  very  clearly  prove.     Thus,  in  the  diagram  No.  !,•  Fig.  1,  from  Ng, 
13,  G.B.  Engine,  the  exhaust-line  DE  shows  that  nearly  all  the  period 
of  exhaust  for  the  steam  stroke  is  employed  for  the  complete  evBca* 
ation  of  the  steam.      And  if  this  be  the  case  for  speeds  of  1  and  S 
miles  an  hour,  it  is  much  more  so  for  the  regular  working  spoeds  of 
trains.       To   select  from  a  very  admirable  series  of  Indicator 
diagrams,  with  copies  of  which  the  writer  has  been  favoured  by  Mr. 
Daniel    Gooch,  by  whom    they  were    taken   from   the   cylinder 
of  the  Great  Britain  Locomotive,  on  the  Great  Western  Bailwaj, 
the  Figs  4  and  5,  Plate  57,  contain  diagrams  taken  at  17  and  55 
miles  per  hour  respectively,  under  the  1st,  3rd,  and  5th  notches  of 
the  sector.    The  following  ai-e  the  conditions  of  the  valve-ZQotion 
of  this  engine,  when  the  diagrams  were  taken : — 

TABLE  No.  2.— 5to«tf  of  the  Valves  of  the  "  Great:  Britain,'^  G.W.R. 
Cylinder,  18  X  24  inches,     Wheel.  8  ffeet. 

Lap ,  .  .  .  .     1^  indi. 

Constant  lead |  „ 

Travel  in  full-gear 4}  „ 

Blast  orifice 5|  „      diameter. 


No.  of 
Notch. 

PosiUon  of  Points  of  Distribution. 

Period  of 

Exhaust 

during  the 

Steam-Stroke 

Catting^ff. 

Exhaost. 

Inches  of 
stroke. 

Inches  of 
Stroke. 

Inches  of 
Btrake. 

Incheeof 
Stroke. 

J 

3 
5 

16 

11* 
7 

211 
19* 
17| 

3 
5 

74 

H 
6* 
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On  the  diagrams  the  points  of  cutting-off  and  exhaust  are 
marked,  and  the  steam-line  falls  only  very  gradually  during  the 
period  of  exhaust,  especially  at  the  high  speeds.  The  expansion- 
curves  are  shown  hy  dotted  lines  A,  B,  C,  Figs.  4  and  6,  continued 
to  the  end  of  the  stroke.  These  are  easily  calculated  in  terms  of 
tlie  relative  volumes  of  steam,  from  the  pressures  indicated  at  the 
points  of  exhaust,  and  are  such  as  would  have  heen  described  had 
the  exhaust  been  delayed  till  the  end  of  the  stroke.  The  shaded 
areas  A,  B,  C,  enclosed  between  these  dotted  curves,  and  the  curves 
actually  described,  express  the  power  lost  by  exhausting  the  steam 
before  the  stroke  is  completed.  Averaging  them  for  the  whole  stroke, 
they  are  as  follows  :^- 

^  1st  Notch,    {  lb.  per  inch  loss. 
Low  Speeds i  8rd     „        2J     „ 


^6th     „        8  J 
High  Speeds 


;.( 


Ist 

»> 

1 

3rd 

») 

1 

5th 

» 

» 

The  losses  at  high  speeds  are  very  small, — ^merely  nominal ;  and 
curiously  enough,  the  loss  by  the  earlier  exhaust  of  the  5  th  notch  is 
actual^  less  than  that  under  the  1st  notch.  The  losses  are  of 
course  greater  at  the  low  speeds ;  but  even  then,  in  tlie  1st  notch, 
which  is  the  o<ily  notch  employed  at  very  low  speeds,  the  loss  does 
not  amount  to  1  lb.  per  inch.  The  drd  and  5th  notches  are  em- 
ployed only  at  speeds  much  above  17  miles  per  hour,  and  the  loss 
by  them  is  of  no  practical  moment. 

Upon  the  whole,  it  follows  that  the  possible  loss  hy  the  earhf 
exhaust  yielded  by  the  link-motion  is  of  no  importance.  On  the  con- 
trary, it  can  be  proved  to  be  beneficial^  as  an  early  exhaust  is  at  high 
speeds  essential  to  a  perfect  exhaust  during  the  return-stroke.  It 
plainly  appears,  therefore,  that  with  the  existing  arrangements  of 
locomotives,  any  attempts  to  eke  out  the  power  on  the  steam-line, 
by  prolonging  the  expansion  materially  beyond  what  is  accomplished 
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by  an  ordinary  valve  and  link-motion,  are  not  only  useless,  bat 
highly  prejudicial. 

Another  objection  to  the  link-motion  is  that  the  steam  is  injuri- 
ously wiredrawn  by  it  when  under  great  expansion.  Hence  the 
numerous  attempts  to  supersede  the  link  by  the  employment  of  a 
separate  expansion-valve.  The  diagrams.  Fig.  5,  Plate  57,  may  be 
referred  to  as  examples  of  wire-drawing  by  the  link.  They  were 
taken  nearly  consecutively  with  one  opening  of  the  regulator ;  and 
it  is  clear  that  the  steam  attained  fully  as  high  a  pressure  in  the 
cylinder  under  the  6th  notch  as  under  the  1st.  The  pressure  falls 
considerably  towards  the  point  of  cutting  off,  but  from  the  form  of 
the  steam-line,  it  is  plain  that  veiy  little  additional  steam  is  admitted 
for  an  inch  or  two  before  the  cutting-off  actually  takes  place.  The 
most  of  the  steam  is  admitted  at  the  higher  pressure,  and  in  fact  a 
partial  expansion  of  the  steam  already  admitted  takes  place  for  some 
distance  before  the  expansion  nominally  begins.  Thus  the  wire- 
drawing is,  to  a  great  extent,  equivalent  to  an  earlier  cutting-off,  and 
a  greater  degree  of  expansion.  The  whole  possible  loss  by  wire- 
drawing is  comprised  within  the  dotted  line  D,  added  to  the  diagram, 
which  is  merely  an  extension  of  the  expansion  curve,  to  meet  the 
steam  line,  drawn  horizontally  to  represent  a  free  admission  up  to 
an  imaginary  point  D  of  cutting-off,  5  inches'from  the  beginning  of 
the  stroke.  This  shaded  area  D  amounts  exactly  to  a  mean 
loss  upon  the  whole  stroke  of  one  pound  per  square  inch,  by  wire- 
drawing, under  high  expansion.  For  the  1st  and  3rd  notch,  the 
amount  of  loss  by  wire-drawing,  must  obviously  be  still  less ;  and, 
in  short,  the  objection  of  wire-drawing  by  the  link-motion,  when  of 
liberal  proportions,  is  of  no  practical  weight. 

Another  objection  to  the  link-motion,  and  apparently  the  most 
formidable  one,  is  the  large  fraction  of  power  neutralised  by  the 
compression  of  the  exhaust-steam,  and  which  increases  with  the  degree 
of  expansion.  Compression,  however,  involves  no  loss  of  efficiency ; 
for  as  by  compression  a  quantity  of  steam  is  incidentally  reserved 
and  raised  to  a  higher  pressure,  it  gives  out  the  power  so  expended 
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in  compressing  it,  during  the  next  steam-stroke,  just  as  a  com- 
pressed spring  would  do  in  the  recoil.  But,  apart  from  this  general 
argument,  the  actual  efficiency  of  the  steam  in  the  cylinder,  with 
and  without  compression,  may  he  exactly  estimated.  The  most 
direct  method  of  doing  so,  is  to  find  the  quantities  of  water  consumed 
as  steam  for  one  stroke,  under  the  two  conditions,  and  to  compare 
them  with  the  relative  effective  mean  pressures.  It  will  suffice  to 
analyse,  as  an  example,  the  high-speed  diagram,  Fig.  5,  Plate  57, 
under  the  5  th  notch,  No.  5.  The  volume  of  steam  admitted  is  measured 
by  the  product  of  the  area  of  piston,  (254-47  inches),  and  the  period 
of  admission,  plus  the  total  clearance  in  the  cylinder  and  steam- 
passage  ;  the  clearance  heing  measured  for  simplicity  in  inches  of 
stroke,  we  have  7  +  l*8r=8-8  inches,  for  the  total  volume  admitted. 
The  pressure  of  the  steam  when  cut-off  is  66  lbs.,  for  which  the 
relative  volume  of  water  is  859.  Therefore  the  volume  of  water  as 
steam,  or  the  water-equivalent  of  the  steam  admitted,  is 
254-47  X  8-8  _  ^.^^  ^^^.^  .^^j^^^ 
359 
From  this  is  to  he  deducted  the  quantity  of  steam  reserved  by 
compression ;  the  volume  so  reserved  is  measured  by  the  period  of 
compression,  plus  the  clearance (7 -5  +  1*8=  9*3),  and  the  pressure  at 
the  point  of  compression  is  8  lbs.,  for  which  the  relative  volume  is 
1 125.     Then  the  water  equivalent  of  the  reserved  steam  is — 

?5*iy<±3=  210  cubic  inches; 

subtracting,  there  remains  624  —  210=4-14  cubic  inches  of  water 

as  steam,  actually  expended  for  one  stroke  of  the  piston. 

Were  there  to  be  no  reservation  of  exhaust  steam  by  foreclosing 

the  exhaustrport,  the  whole  area  of  resistance  by  compression  would 

be  removed,  and  there  would  be  a  reserve  of  steam  of  atmospheric 

pressure  equal  in  volume  to  the  clearance  only.      The  relative 

volume  of  atmospheric  steam  is  1669,  and  the  water-equivalent  of 

the  reserve,  would  be — 

254-47  X  1-8       ^  ^^      ^-    .    ^ 
___ =  0-27  cubic  mches : 

the  expenditure  per  stroke  would  be  624  —  0-27  =  6-97  inches  of 
water. 
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Now,  the  positive  mean  pressure  during  the 

steam-stroke,  as  indicated,  is 40'91bs.  per  inch. 

And  the  mean  resistance  by  compression  is  .  .  ll'51bs<        „ 


Thus  the  effective  mean  pressure  is 29 -dibs. 


This  effective  mean  pressure  of  39-41bs.  is  maintained  by  a 
consumption  of  414  inches  of  water  per  stroke ;  and  it  has  just 
been  found  that  with  the  compression  removed,  the  positive  mean 
pressure  of  40*91bs.  per  inch  would  be  maintained  by  a  consump- 
tion of  6 "97  inches  of  water  per  stroke.  The  effective  pressure 
created  per  cubic  inch  of  water  is,  therefore, 

29-4 
In  actual  practice r—j  «=«  Tllbs. 

And  would  be  by  removing  compression  -tk^  =  6-91b9. 

These  quantities  are  expressions  of  the  relative  eiSciency  of  stesm 
employed  with  and  without  compression  :  they  are  virtually  iden- 
tical, and  show  that  the  resistance  by  compression  in  the  cylinder, 
due  to  the  action  of  the  link-motion,  does  not  in  the  slightest 
degree  impair  the  efficiency  of  the  steam. 


The  last  objection  to  the  use  of  the  link,  requiring  notice,  is 
that  at  high  speeds  considerable  back  exhaust  pressure  is  created. 
The  amount  of  this  is  veiy  various,  and  it  depends  also  on  circum- 
stances for  which  the  link-motion  is  not  responsible ;  sueb  as  a 
deficiency  of  inside  lead,  (which  is  regulated  by  the  lap,)  small 
ports,  a  small  blastroril&ce,  and  imperfect  protection  of  the  cylinder. 
It  suffices  on  the  present  occasion  to  point  to  what  can  be  done 
by  superior  arrangements,  as  exemplified  in  the  diagrams,  Fig.  if 
Plate  67,  from  the  *'  Great  Britain."  The  cylinders  of  this  engine 
are  in  a  manner  suspended  in  the  smoke-box,  and  thorougbly 
protected ;  the  steam-ways  are  very  large,  IS  X  2  inches,  being  in 
area  about  loth  of  the  cylinder ;  the  exhaust-passage  is  veiy  direct; 
and  the  blastrorifice  is  6^  inches  diameter,  or  about  i\tb  of  the 
area  of  cylinder.  As  a  whole,  these  proportions  are  superior  to> 
those  of  any  other  engines  with  which  the  writer  is  acquainted; 
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and  the  diagrams  prove  that  the  per-centages  of  back  exhaust-pres- 
sure, in  terms  of  the  positive  mean  pressure,  at  55  miles  per  hour, 

are — 

For  the  1st  notch 8f  per  cent. 

3rd  ditto 5J 

ff       6  th  ditto nothing. 

^Better  results  than  these  should  not  in  practice  be  required,  for 
when  lo'comotives  are  adapted  to  their  work,  and  running  at  high 
speeds,  they  ought  not  to  require  an  admission  of  steam  above  half- 
stroke.  However,  the  area  of  blast-orifice  rules  the  back  exhaust- 
pressure;  and,  when  the  cylinder  is  duly  proportioned  to  the  boiler, 
it  is  quite  practicable,  by  a  few  modifications  in  detail,  still  further 
to  increase  the  orifice,  sufficiently  to  banish  all  traces  of  back' 
pressure  of  exhaust  at  all  practicable  speeds. 

Having  noticed  the  prevailing  objections  to  the  link  as  a  means  of 
variable  expansive  working,  and  shown  that  there  is  no  good  ground 
for  entertaining  these  objections,  it  remains  to  be  shown  at  what 
rate  the  efficiency  of  steam  is  increased  by  expansive  working. 

II. — Of  the  rate  of  Efficiency  of  Steam  worked  expansively  in  the 

Locomotive,  by  the  Link-motion, — It  is  customary  to  apply  the  law  of 

expansion    discovered  by  Boyle,  and  better  known  as  Marriotte's 

law,  to  determine  the  work  done  by  steam  acting  expansively.      In 

the  present  case,  this  mode  of  inquiry  would  be  of  little  service,  for 

though  steam  in  well-protected  cylinders  expands  nearly  according 

to  Boyle's  law.  or  such  that  the  total  volume  by  expansion  varies 

inversely  as  the  total  pressure,  yet  the  results  are  affected  by  other 

circumstances ; — chiefly,  the  amoimt  of  clearance^  wire-drawing,  and 

back-pressure  of  exhaust  and  compression.     It  will  be  preferable  to 

take  the  aggregate  results  of  all  these  influences,  as  embodied  in 

the  model-diagrams  from  the  ''  Great  Britain :" — this  method  will 

ensure   accurate  conclusions,  and  will  simplify    the  discussion. 

Twenty-six  indicator-diagrams  were   obtained,  at  speeds  varying 

from  15  to  56  miles  per  hour,  of  which  the  samples.  Figs.  4  and  5, 

Plate  57,  taken  at  the  opposite  extremes  of  speed,  suffice  to  point 

out  the  general  characteristics.      The  Table,  No.  8,  contains  in  the 

first  nine  columns  an  analysis  of  these  diagrams,  which  requires  no 

further  explanation;    the  effective  horse-powers,  column    10,  are 

E 
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TABLE  No.  3.— EMtiZto/rom  Indicater-DUiframs, 


No.  of 
Diagram. 

per  Hoar. 

Preaaore 

daring 

AdmiaaLn 

PoaitiT6 

Mean 

Preaaore. 

Baek  Preaaoxea. 

KftwilJtg 

Ezhaoat. 

00B&. 

prosaioii. 

8ainor 
Baek  Preaaorca. 

Percent. 
Preaaore.  of  poaitiTe 

Pnmra. 

Milw. 

Ite. 

Iba. 

Iba. 

Iba. 

Iba. 

FarOMC 

Itan. 

1 

16 

70 

63-8 

1-6 

2-4 

40 

61 

50-8 

2 

17 

88 

800 

0-6 

1-9 

2-6 

SO 

77-6 

3 

21 

96 

86-2 

1-2 

30 

4-2 

4-7 

8ao 

4 

24 

86 

76-7 

0-9 

1-6 

2-6 

SI 

74-2 

5 

27 

80 

70-6 

1-5 

2-2 

3-7 

6-8 

66-9 

6 

3] 

90 

79.6 

1-7 

3-7 

5-4 

6-7 

74-2 

7 

31 

80 

73-2 

2-9 

2-2 

6-1 

6-9 

6&-1 

8 

49 

60 

61-4 

3-6 

4.4 

80 

16-6 

43-4 

9 

64 

89 

80-4 

6-8 

60 

12-8 

15-8 

67-6 

lit  Notch-Means  82 

68-2 

10 

17 

88 

69-9 

0-0 

3-8 

3-8 

6-4 

661 

Jl 

18 

70 

56-3 

0-8 

46 

6-3 

9-4 

60-0 

12 

21 

92 

72-3 

0-0 

4-2 

4-2 

8-7 

681 

13 

26 

72 

67-1 

00 

49 

4-9 

8.5 

52-2 

U 

31 

79 

60-8 

1-2 

60 

7-2 

11-9 

531 

16 

32 

86 

64-4 

0-8 

49 

6-7 

8-4 

68-7 

16 

40 

76 

66-7 

0-4 

4-7 

61 

91 

60  6 

17 

61 

70 

491 

20 

6-2 

8-2 

16.6 

409 

18 

66 

84 

62-0 

3-6 

7-6 

11-2 

18-0 

60-8 

»rd  Notch— Means  80 

54-5 

19 

17 

89 

63-2 

00 

9-6 

9-6 

18-0 

48*6 

20 

18 

70 

42-1 

0-6 

6-6 

71 

16-7 

86-0 

21 

21 

93 

66-6 

0-0 

6-3 

6-3 

HI 

60*d 

22 

28 

74 

41-8 

0-4 

6-2 

6-6 

16-7 

35a 

23 

31 

83    . 

46-6 

00 

7-4 

7-4* 

lS-6 

391 

24 

36 

80 

390 

00 

8.5 

8-6 

81-1 

30-6 

26 

60 

77 

34-7 

0-6 

80 

8-6 

a4-4 

26-d 

26 

66 

90 

40-9 

00 

11-6 

11-6 

fl81 

294 

6th  Notch— Means  82 

iiitizod  bv  V 

361 

BXPAN61VS  WOBKINO   OF  ST£AM   IN   IX)C0M0TIVB8. 


78 


iak^n/rom  the  ''Ot^at  Britain"  in  1850. 


EflleoUTe 
Hone 
Power 

Indicated. 

Coke  consumed  per 

EffeeUve  Horse 

Power  per  Hour, 

allowing  1  lb.  for 

8  Iba.  water. 

Total 

admitted 

forOae 

Stroke, 

meaaoied 

from 
Diagram. 

Beaerved 

pretaioiL 

ActuaUy 
expended 

during 
one  Bteam 

Stroke. 

expended 
arar. 

Aetnally  expended 

per  EffeetiTe  Horse 

Power  per  Hoar. 

H.  P. 

Cable  ina. 

CaUciaa. 

CuUeine. 

CaUfifeet 

Cable  ina. 

Iba. 

Iba. 

190 

13-32 

1-00 

12-58 

89-83 

817 

29-5 

3-69 

284 

15-89 

0-82 

1507 

124-53 

758 

27-4 

3-42 

872 

16-71 

1-09 

15-62 

159-45 

741 

26-8 

3-35 

884 

15-30 

0-82 

14-48 

168-95 

760 

27-5 

3-44 

889 

13-89 

0-91 

12-98 

170-37 

757 

27-4 

3-42 

497 

15-62 

113 

14-49 

218-35 

759 

27-4 

8-42 

456 

14-76 

100 

13-76 

207-35 

786 

28-4 

3-55 

459 

10-73 

1-34 

9-89 

223-60 

842 

30-4 

3-80 

763 

15-62 

1-56 

1406 

36907 

836 

30-2 

3-77 

28-3 

354 

242 

12-19 

110 

11-09 

91-65 

654 

a3-7 

2-96 

194 

10-33 

1-35 

8-98 

78-57 

700 

25-8 

816 

809 

12-50 

116 

11-84 

115-78 

647 

23-4 

2-92 

293 

10-55 

1-41 

914 

115-52 

681 

24-6 

307 

856 

10-87 

1-48 

9-39 

141-50 

687 

24-8 

310 

407 

11-33 

1*29 

10-04 

156-20 

663 

24-0 

300 

437 

9-78 

1-35 

8-43 

163-87 

648 

23-4 

2  92 

450 

8-65 

1-64 

7-11 

176-30 

677 

24-5 

3-06 

603 

10-64 

1-66 

8-88 

237-42 

680 

24-6 

3-07 

24-3 

3-03 

159 

7-90 

1-85 

605 

5000 

543 

19-6 

2-45 

136 

659 

1-76 

4-83 

42-26 

537 

19  4 

.   2-42 

228 

8-20 

1-42 

6-78 

69-21 

525 

18-9 

2-36 

218 

6-87 

1-68 

6-19 

70-64 

537 

20-7 

259 

262 

7-29 

1-59 

5-70 

85-89 

566 

20-5 

2-56 

237 

6-08 

1-85 

4-23 

7402 

540 

19-5 

2-44 

263 

5-52 

176 

3-76 

91-39 

600 

21-7 

2-71 

863^ 

624 

2-10 

4-14 

113-20 

554 

20-1 

2-51 

201 

2-51 
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estimated  in  terms  of  the  diameter  and  stroke  of  cjlinder,  dhr 
diameter  of  wheel,  and  the  effective  mean-pressures   in  the  9tb 
column.     The  water-equivalents,  columns  11,  12,  and  13,  are  esti- 
mated from  the  indicated  pressures  and   the  period  of  the  dism* 
hution  for  each  notch,  in  the  way  already  exemplified.     The  expen- 
diture of  steam  per  hour,  column  14,  is  deduced  from  colnnm  13, 
in  terms  of  the  speed,  the  cylinder,  and  the  wheel ;  and,  dividing 
that  hy  the  effective  horse-power,  we  have  the  contents  of  colmnn 
15  in  inches,  and  of  column  16  in  pounds.      Column  17  contain? 
the  coke  consumed  per  horse-power  per  hour,   deduced   for  the 
several  diagrams  from  the  consumption  of  water,  column  16,  allow- 
ing lib.  of  coke  to  evaporate  81bs.  of  water. 

Beferring  to  the  contents  of  the  last  two  columns  of  this  table, 
it  is  obvious  that  the  consumption  of  water  as  steam,  or  of  coke,  for 
a  given  amount  of  work  done,  becomes  less  the  more  expansively 
the  steam  is  worked ;  and  the  means  of  the  several  quantities 
for  the  notches  separately  are  as  follow : — 

COIJISUMPTION   PER   HOBSE-POWEB  PEB  HOUB. 

For  the  1st  notch,  28'3  lbs.  water,  or  3*54  lbs.  coke. 
„       3rd     „       24-3  „         „        „    3-03     „       „ 
„       5th      „       20-1   „         „       „   2-51     „      „ 

As  the  results  under  each  notch  vary  very  little,  the  means  above 
stated  may  be  adopted  for  all  practical  speeds  without  material 
error.     To  find  from  these  means  a  formula  which  shall  express  the 
rate  of  economy  by  expansive  working :  it  may  be  done  graphically 
thus : — see  Fig.  6,  Plate  56.      Draw   a  base-line  AE,  to  represent 
the  stroke  of  the  piston;  set  off  on  this  base-line  the  distances 
AE,  AF,  and  AG,  equal  respectively  to  the  periods  of  admission 
under  the  1st,  3rd,  and  6th  notches.      From  the  points  E,  F,  G. 
draw  the  perpendiculars  equal  respectively  to  the  pounds  of  water 
per  horse-power  per  hour  consumed  under  the  different  notches,  by 
any  convenient  scale  of  pressure,  and  terminate  them  by  points,  as 
drawn ;  these  points  are  found  to   range  in  a  straight  line,  CD, 
which  meets  the  vertical  from  A,  at  a  height  of  14  lbs.  by  the  scale, 
and  the  vertical  from  B,  at  36  lbs.      The  straightness  of  the  Ime 
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CI>  implies  that  the  consumption  decreases  uniformly  with  the 
period  of  admission  of  the  steam ;  the  difference  of  heights,  (36 — 14) 
or  22  Ihs.,  is  the  whole  decrease  for  the  whole  stroke.  Conse- 
quently, if  92  be  multiplied  by  the  period  of  admission,  and  divided 
by  the  length  of  stroke,  and  14  added  to  the  quotient,  the  simi  will 
express  the  consumption. 

Xiet  L  e=  the  length  of  stroke, 

S  =  the  period  of  admission  of  steam, 

and  W  »s  the  consumption  of  water  in  pounds  per  horse- 
power per  hour; 

then  W  =  22  jj  +  14 (1.) 

or,  at  length : — 

Hui^  I. — To  find  the  Consumption  of  Water  as  Steam  per  Horse- 
power per  hour,  for  a  given  period  of  admission.  Multiply  the  period 
of  admission  in  inches  by  22,  and  divide  by  the  length  of  stroke  in 
inches ;  and  add  14  to  the  quotient.  The  sum  is  the  required  con- 
sumption in  pounds. 

For  the  Consumption  of  Coke,  allowing  1  lb.  for  the  evaporation 
of  8  lbs.  of  water,  divide  the  water,  as  above  found,  by  8 ;  and, 
making  C  the  consumption  of  coke,  we  have 

q 
C  =  2-75  ji  +  1-76 (2.) 

or,  at  length : — 

Rule  II. — To  find  the  Consumption  of  Coke  per  Horse-power  per 
hour,  for  a  given  period  of  admission.  Multiply  the  period  of  admis- 
sion in  inches  by  2-75,  and  divide  by  the  length  of  stroke  in  inches, 
and  add  1*75  to  the  quotient.  The  sum  is  the  consumption  in 
pounds  per  horse-power  per  hour. 

These  rules  may  be  employed  with  safety  for  all  periods  of 
admission  between  10  and  75  per  cent,  of  the  stroke,  which  are  the 
utmost  limits  worth  regarding  in  the  locomotive  engine.  They  are 
applicable,  also,  for  maximum  pressures  during  admission,  ranging 
between  60  lbs.  and  120  lbs.,  though  based  on  results  from  steam  of 
80  lbs.  to  84  lbs.  maximum  pressui'e.  For  extreme  pressures,  the 
results  by  the  rule  are  slightly  too  small  in  the  case  of  lower  pres- 
sures, and  rather  greater  for  the  higher, — these  divergences  being 
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due  to  the  co^istaat  dedaction  of  15  lbs.  for  atmospberic  xesistance 
firom  the  total  pressure.  It  is  presumed  that  engmeers  will  iM^t 
return  to  me  error  of  low  pressures  in  locoinotiyes,  and  tha& 
high  pressures  will  be  cultiYated.  For  pressures  above  80  lbs.,  the 
rules  are  perfecUj  safe,  as  they  err  rather  by  excess  on  the  safe 
side.  The  relative  advantage  of  higher  pressures,  in  respect  of  tbe 
constant  loss  by  the  atmosphere,  progresses  but  slowly  for  pressures 
above  80  lbs.     At  this  pressure,  or  95  lbs.  total,  the  atmosphere 

deducts  g,QQfd ;  and  at  lOOlbs.,  the  loss  is  yToq^-    ^I^  difference  of 

these  fractions  is  ggih,  which  is  all  the  economy  on  account  of 
atmospheric  resistance  by  the  use  of  100  lbs.  steam,  compared  with 
the  work  done  at  80  lbs.     For  120  lbs.,  the  economy  is— th,  and 

for  150  lbs ,  it  *«  js*^  ^*^  respect  to  80  lbs.  The  chief  advan- 
tage, therefore,  of  the  highest  pressure,  is  in  the  liberty  of  working 
more  expansively,  while  developing  power  at  a  given  rate. 

The  following  Table,  No.  4,  shows  in  the  second  column  the 
consumption  of  stoam  worked  expansively  per  horse-power  per  hour, 
due,  by  Rule  I,  to  the  periods  of  admission  named  in  the  1st  column, 
and  expressed  in  per  cent  of  the  stroke.  The  inverse  ratios  of 
those  quantities  of  steam  are  entered  in  col.  3,  the  consumption  for 
100  per  cent,  bemg  expressed  by  1.  Thus  the  actual  relative  effici* 
ency  of  steam  is  found  for  various  admissions.  The  4th  column  con- 
tains  the  theoretical  maximum  relative  efficiency  of  steam,  expanding 
to  the  end  of  the  stroke,  according  to  the  law  of  Boyle,  with  a  perfect 
vacuum  behind  the  piston,  and  without  clearance,  back-pressure, 
or  compression ;  extracted  from  the  ordinary  tables  on  the  subject 
In  col.  5,  are  given  the  relative  amoimts  of  work  done  by  stoam, 
under  the  admissions  named  in  coL  1 ,  being  directly  as  the  effective 
mean  pressures  in  the  cylinder,  which  are  found  by  a  rule  to  be 
afterwards  given. 
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TABLE  No.  A.—Efficieney  of  Steam  hy  Eappannon  in  the  Ot^nder  of 
the  Locomotive,  in  Actual  Practice, 

For  Maximum  Pressures  during  admission  of  60  lbs.  to  120  lbs. 


Periods 

'of  Admteloii 

Sn  Parts  of 

Stroke. 

Water  as  Steam 

oonsimiedlii 

Pounds  per  H.  P. 

per  Honr. 

Belative 
Sffldencv  of  Steam 

Actual  Praotiee. 

Possible 
Maximum 
Effldeney. 

Relative  Work 

done  by  Steam 

oftbesune 

Maximom 

Prewore 

in  tbe  Cylinder. 

Percent. 

lbs. 

10 

16-2 

2-22 

3-30 

15 

12-6 

16-7 

2-15 

3-08 

20 

15 

17-3 

208 

2-90 

24 

17-6 

17-8 

202 

2-73 

28 

20 

18-4 

1-96 

2-60 

32 

25 

]9-5 

1-85 

2-39 

40 

80 

20-6 

1-75 

220 

46 

35 

21-7 

1-66 

2-06 

52 

40 

22-8 

1-58 

1-92 

57 

45 

23-9 

1-50 

1-80 

62 

50 

250 

1-44 

1-69 

67 

55 

261 

1-38 

1-60 

72 

60 

27-2 

1-32 

1-51 

77 

65 

28-3 

1-27 

1-43 

81 

70 

29-4 

1-23 

1-35 

85 

75 

30-5 

118 

1-28 

89 

100 

86-0 

100 

100 

100 

From  this  table  it  appears  that,  in  actual  practice,  the  relative 
efficiency  of  steam  when  cut-off  at  ifh  of  the  stroke,  is  ^  times 
greater  than  when  not  cut-off  until  the  end  of  the  stroke,  but  that 
theoreticallj  the  increase  should  be  3^  times  instead  of  only  2^  ;— 
therefore  the  actual  efficiency  of  steam  increases  with  expansive 
working,  at  a  much  slower  rate  than  would  be  possible  if  every 
drawback  were  extinguished.     Atmospheric  resistance  cannot  a» 
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yet  be  removed;    but  a  material  advantage  would  result  from  • 
reduction  of  the  clearance  between  the  valve  and  the  piston. 

As  75  per  cent,  is  the  greatest  admission  materially  required 
imder  the  link-motion,  the  relative  efficiency  for  that  admissioUt 
(118),  being  compared  with  the  efficiency  (2-22)  for  10  per  cent.  c4 
admission,  they  are  as  1  to  1-9,  or  nearly  1  to  2;  and  it  follows 
that  under  the  most  favourable  existing  circumstances,  the  utmcU 
possible  efficiency  of  steam  worked  expansively  in  locomotive  engines 
by  the  luik-motion  is  about  twice  that  of  the  steam  when  worked 
under  fuU  gear ;  that  is,  the  same  quantity  of  steam  does  twice  tJu 
quantity  of  work. 

The  effective  mean  pressure  is  to  some  extent  affected  hj  the 
speed ;  but  to  find  the  average  rate  of  increase  with  the  admission, 
take  the  means  of  the  maximum  and  of  the  effective  mean  pres- 
sures in  Table  No.  3,  cols.  3  and  9,  as  follows  : — 


No.  of 
Notch. 

Arerage 

MaximnmPreflmire 

in  Cylinder. 

Average  Eflbotive  Mean  Preasnre 
in  Cylinder. 

Preesure. 

Per  Cent  of 

Average  Haximam 

Pressure. 

lbs. 

lbs. 

Percent. 

1 

82 

68-2 

83 

3 

80 

64-5 

68 

5 

82 

361 

U 

The  per-centages  in  the  last  column  may  be  arranged  in  a 
cmre,  see  (Fig.  7,  Plate  65,)  having  the  base  line  AB  to  represent 
the  stroke,  and  the  perpendiculars  at  E,  F,  G,  equal  to  the  re- 
spective per-centages  measured  on  a  vertical  scale.  The  curve 
must  pass  through  the  point  A,  as,  when  no  steam  is  admitted,  no 
work  can  be  done ;  the  other  end  at  D  must  also  terminate  some- 
where below  100  by  the  scale,  as  even  with  an  entire  admission 
something  must  come  off  for  back  pressure.  From  the  curve,  the 
following  formula  is  derived  for  finding  the  per-centage  of  effective 
mean  pressure  due  to  a  given  admission,  in  terms  of  the  mazimum 
pressure : — 
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Let  A  =»  the  per-centage  of  Admission,  and  P  «^  the  per-cent- 
ag^e  of  Effective  Mean  Pressure,  then 

P  =  13-5  v^A  — Ji8 (3). 

EuLE  S. — To  find  the  Effective  Mean  Pre$8ure  in  the  Cylinder,  in 
terms  of  the  maximum  pressure,  for  a  given  per-centage  of  admission* 
Multiply  the  square  root  of  the  per-centage  of  admission,  by  13*5, 
and  subtract  d8  from  the  product ;  the  remainder  is  the  Effective 
Mean  Pressure  in  per-centage  of  the  maximum  pressure  of  steam 
admitted. 

The  results  by  this  rule  are  rather  too  small  for  lower  speeds, 
and  rather  too  great  for  higher;  but  the  deviations  are  of  no  prac- 
tical moment  At  40  miles  per  hour,  or  660  feet  of  piston  per 
minute  for  the  "  Great  Britain,"  the  result  exactly  coincides  with 
practice ;  and  this  is  an  ordinary  speed  of  piston  in  both  Goods 
and  Passenger  Engines,  as,  though  the  usual  speed  of  the  former 
on  the  rails  is  less  than  that  of  the  latter,  the  wheel  is  smaller,  and 
the  stroke  is  commonly  longer.  The  rule  applies  veiy  well  to 
admissions  between  10  and  75  per  cent.,  and  to  pressures  (maxi- 
mum) from  601bs.  to  lOOlbs.,  or  even  1501bs. 

The  following  Table,  No.  5,  of  Effective  Mean  Pressures,  is  calcu- 
lated by  means  of  the  foregoing  rule,  for  admissions  advancing  by 
twentieths  of  the  stroke,  or  intervals  of  5  per  cent. ;  and,  fortu- 
nately, most  of  them  may  be  accurately  expressed  in  common 
fractions,  as  in  the  last  columns  of  the  table. 

In  all  well-protected  cylinders,  with  blast-orifices,  not  less  than 

j^th  of  the  area  of  the  cylinder,  the  foregoing  rules  and  tables  of 

data  apply  to  the  action  of  steam  at  speeds  imder  30  to  40  miles 

an  hour.      For  speeds  amounting  to  56  to  60  miles  an  hour,  the 

loss  by  imperfect  exhaust  causes  a  large  increase  of  consumption  per 

horse-power  per  hour,  of  from  33  to  12  per  cent,  according  to  the 

amount  of  admission.     With  steam-ports  of  about  ^-rth,  and  blast- 

14 

orifices   — th  of  the  cylinder,  the  rules  likewise  apply,  at  speeds 
14 

under  80  to  4o  miles  an  hour.      At  the  higher  speeds,  the  useful 
power  is  considerably  impaired  by  imperfect  exhaust. 

F 
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TABLE  No.  5. — Effective  Mean  Pressure  in  the  Cylinder,  far 

Admissions, 

For  Majcimum  Pressures  of  60  lbs.  to  150  lbs. 


Periods 

ofAdmiffdon 

in  parts  of  the 

Stroke. 

Eifective 
Mean  Preflsures, 
in  parts  of 
Maximum 
Pressure. 

Periods  of 

Admisrion  in 

oommon  ftractions 

of  Stroke. 

Eflieoti^ 
Mean  Preasore, 

in  eonunon. 

ftractions  of  the 

Mazimnm 

Pressure. 

Percent 

Per  Cent. 

10 

15 

MOth 

l-7th  full. 

12-6 

20 

— 

— 

16 

24 

1.8th 

l-5th 

17-5 

28 

— 

— 

20 

82 

1-601 

1.4th 

26 

40 

l-5th 

l-3rd 

30 

46 

1-4  th 

1.2-5th 

85 

52 

l-3rd 

1.2nd 

40 

57 

— 

— 

46 

62 

— 

— 

50 

67 

l-2nd 

2.drds 

55 

72 

— 

— 

60 

77 

— 

— 

65 

81 

2-8rds 

4-5ths 

70 

85 

— 

— 

76 

89 

3.4ths 

9.]0ths 

The  proportions  of  the  "Great  Britaua"  may  be  applied  to  any 
other  engine,  and  thej  may  be  repeated  here  as  standard  ratios  for 
practice,  until  superior  results  are  obtained. 

Sectional  area  of  cylinder 1 

„  steam-port l-lOth 

n  blastrorifice l-llth 

Lap  of  valve,  ]J  inch. 
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Travel,  4}  inch,  in  fdll-gear. 
Lead,  i  to  f  inch. 

So  wide  a  Wast-orifice  as  rrth,  is  a  rare  thing  in  Locomotives ; 
but  the  writer  is  satisfied  that  even  in  engines  of  very  unfavourable 
proportions  otherwise,  a  very  wide  orifice  may  be  obtained  by  the 
proper  adjustment  of  matters  of  detail 

In  a  second  part  of  this  paper,  the  writer  proposes  to  discuss 
the  conditions  necessary  for  the  successful  expansion  working  of 
steam  in  Locomotives. 

The  following  is  a  comparison  of  the  actual  results  of  Engines 
working  with  ordinary  Gah-motions,  and  with  Link-motions. 

The  engine  "  Europe,"  on  the  Edinburgh  and  Glasgow  Rail- 
way, cylinder  16  X  18  inches,  wheel  6  feet.  Doing  one  week's 
work,  in  1849,  with  gab-motion,  consumed  an  average  of  19  cwt. 
of  coke  per  day,  and  S  cwt.  of  coal.  As,  in  the  locomotive 
boiler,  coal  is  about  two-thirds  of  the  value  of  coke,  3  cwt.  of 
coal  is  equivalent  to  1.33  cwt.  coke;  and  the  consumption  per  day 
may  be  stated  at  20.33  cwt.  coke. 

The  same  engine,  fitted  with  linJc-motion,  used  at  the  same 
season  in  186 1,  and  doing  the  same  work,  12  cwt.  of  coke,  and  3  cwt. 
of  coal  daily,  equivalent  to  14  cwt.  coke :  over  a  run  of  94  miles* 
the  expenditure  becomes 

24-22  lbs.  per  mile  with  gab-motion 
16-70     „  „  link-motion 

7-60  lbs.  reduction,  or  80  per  cent,  with  link. 

The  periods  of  admission  in  the  two  cases  would  be  about  70 
and  45  per  cent,  and  by  the  Table  of  Efficiency,  the  consumption 
would  be  as  1*50  to  1'23,  showing  an  economy  of  only  18  per  cent, 
or  barely  two-thirds  of  what  was  actually  made.  The  greater  actual 
efficiency  must  in  great  part  be  due  to  the  superior  opportunity  of 
working  with  high  pressure,  during  the  admissions  afforded  by  the 
link. 

Again,  the  test  may  be  applied  by  measuring  the  water  consumed. 
The  following  are  a  selection  of  cases  from  the  writer's  own  expe- 
rience and  observation. 
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Engine  with  Link-motion,  cylinder  15  X  $^0  ins.,  wheel  6  feet. 
Edinburgh  and  Glasgow  Bailway. 


Men  Speed. 
Per  Hoar. 

Train  of 
Garrii«ee. 

Consaaiption 
of  Water  in 
feet,iir.llile. 

1851. 

«*  Orion,"  ordi- 

Q6 Aug. 

nary  train. 

19-6 

16 

297 

Stiff  Wind 
ahead. 

If     i» 

Do.        do. 

24-4 

7 

201 

Do.&vonr- 
able. 

27     ., 

Do.        do. 

24-4 

7 

2-22 

Do.ahe^ 

»t           l» 

Do.  Express 

3^0 

5 

1-66 

Do.  favour- 

1860. 

able. 

7  Sep. 

Do.        do. 

82-7 

5 

1-65 

Slij^t-wind 
ahead. 

Engines  with  fixed  Gab-motion,  cylinder  16  x  IB  ins.,  wheel  6  ^eet. 
Edinburgh  and  Glasgow  Bailway. 


1850. 
8  Sep. 

10  Oct. 
21     „ 

♦^America,"  or- 
dinary 
"Nile,"Expr. 

"Niger,"  „ 

21-5 
29-0 

13 

7 

301 

8-00 
2-80 

Wind 
favourable. 
Do.  ahead. 

Calm. 

Express  Engine,  with  fixed  Gab-motion,  cylinder  16  X  18  ins., 
wheel  6  feet.     North  British  Railway* 


1851 

Express 

38-6 

5 

2-70 

Cahn 

>( 

38-6 

5 

2-70 

Do. 

It 

38-5 

4 

2-96 

Wmd  ahead 

Mall 

35-7 

7 

8-05 

Calm 

Ordinary 

220 

12 

8*45 

Calm 

These  results  show,  as  before,  that  imder  similar  circumstances, 
what  has  been  deduced  from  an  independent  examination  of  Indi- 
catoF-diagrams,  taken  under  the  Link-motion,  as  to  the  economy  of 
steam  worked  expansively,  is  fully  borne  out  by  a  direct  appeal  to 
the  relative  consumption  of  coke  and  water. 
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The  Chairman  observed  that  he  felt  much  obliged  to  the 
author  of  the  paper  for  explaining  in  such  a  clear  and  practical 
xnanner  the  action  of  the  slide-valve  and  the  link-motion ;  and 
th.e  paper  was  particularly  valuable  for  the  actual  numerical 
results  that  were  given  so  completely  of  the  variations  in  practical 
-workings  showing  the  improvements  effected  and  the  defects 
avoi<led. 

Mr.  McCoNNELL  considered  the  practical  investigation  of 
the  subject  given  in  the  paper  was  very  valuable.    He  agreed 
that  the  link-motion  was  the  most  advantageous  and  useful  of 
any  valve-motions  known  for  Locomotive  engines;  and  the  mode 
of  hanging  the  link  from  a  fixed  centre,  adopted  by  Mr.  Gooch 
in  the  Great  Western  engines,  had  the  advantage  of  preventing 
the  increase  of  lead  that  took  place  in  the  ordinary  link-motion 
when  working  with  much  expansion.    He  considered  that  the 
surcharging  of  the  steam  in  the  smoke-box  was  a  valuable  sug- 
gestion, and  might  very  probably  admit  of  being  carried  out  so 
as  to  effect  an  important  economy.    And  he  thought  that  a  hot- 
air  chamber  should  be  contrived,  passing  round  the  cylinder, 
and  kept  constantly  in  such  a  temperature  as  to  prevent  any 
condensation  of  steam  during  expansion,  and  ensure  the  steam 
being  always  maintained  perfectly  dry,  without  any  water  being 
ever  present  in  the  cylinder  from  condensation  or  priming.     The 
suspending  the  cylinders  in  the  smoke-box  was  a  good  plan  in 
the  Great  Western  engines,  but  a  special  arrangement  was 
required  for  the  purpose  of  thoroughly  carrying  out  the  principle 
in  a  proper  manner. 

Mr.  Claek  said  that  in  the  engines  referred  to,  Mr.  Gooch 
had  carried  the  steam  pipe  straight  down  in  front  of  the  tubes, 
instead  of  curving  it  on  one  side  as  usual,  and  the  pipe  being 
made  of  one-eighth  inch  copper,  the  heat  from  the  tubes  was 
rapidly  commuuicated  through  it,  and  the  steam  became  much 
hMed.     In  the  experiments  with  the  Great  Britain  engine,  it 
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had  been  found  that  there  was  considerably  less  difference 
between  the  pressure  of  the  steam  in  the  boiler  and  that  in  the 
cylinder,  than  was  the  case  in  other  engines  where  the  steam  did 
not  get  so  much  heated ;  and  Mr.  Gooch  had  found  in  repeated 
experiments,  very  carefully  tried,  that  the  pressure  was  actually 
a  little  higher  in  the  steam  chest  than  in  the  boiler,  the  differ- 
ence being  greater  at  a  higher  speed,  and  amounting  to  as  much 
as  7  to  10  lbs.  per  inch  in  some  cases,  the  pressure  in  the  cylin- 
der being  equal  to  that  in  the  boiler,  and  in  some  cases  2  or  3 
lbs.  above,  instead  of  being  considerably  below,  as  was  the  case 
in  most  engines  in  regular  work.  He  could  only  suppose  that 
the  elastic  force  of  the  steam  was  increased  by  its  becoming 
surcharged  with  heat  in  the  smoke-box  after  leaving  the  boiler, 
but  could  not  account  for  a  greater  pressure  being  apparently 
maintained  in  the  steam  chest,  whilst  the  steazfi  was  flowing 
into  it  £:om  the  boiler. 

Mr.  Slate  could  not  see  how  a  greater  pressure  could  exist 
in  the  steam  chest  than  in  the  boiler,  as  the  steam  would  in  that 
case  flow  back  to  the  boiler  till  the  pressure  wMi  equalised. 

The  Chairman  observed,  that  with  regard  to  the  quw- 
tion  of  surcharging  steam,  he  remembered  being  told  by  Mr. 
Trevithick  of  an  experiment  which  he  made  in  Cornwall  in  1830. 
He  had  to  repair  an  old  engine  there,  which  had  no  steam 
jacket  to  the  cylinder,  as  most  of  the  other  engines  had,  to  keep 
up  the  pressure  of  the  steam ;  and  he  built  a  brick  casing  round 
the  cylinder,  leaving  an  air  space  all  round,  and  applied  a  small 
fire  to  keep  this  air  heated.      About  one  bushel  of  coals  in 
twenty-four  hours  was  consumed  in  heating  the  cylinder,  and 
he  found  a  great  increase  was  efiected  in  the  duty  performed 
by  the  engine,  with  the  same  consumption  of  fuel  under  the 
boiler  as  before.     He  then  removed  the  fire  from  the  cylinder, 
in  order  to  find  the  relative  efficiency  of  the  coal  when  con- 
sumed under  the  boiler  or  under  the  cylinder,  and  he  found 
that  it  took  five  bushels  of  coals  applied  to  the  boiler  to  produce 
the  same  effect  as  the  one  bushel  of  coals  applied  to  the  cylinder. 
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The  Chairman  said^  he  had  been  so  much  impressed  with 
the  results  of  this  experiment^  that  in  the  Planet^  one  of  the  early 
locomotiyes  made  in  1832,  he  had  the  cylinders  carefully 
enclosed  inside  the  smoke  box  instead  of  being  outside,  and 
there  was  found  to  be  a  considerable  increase  of  power  effected 
by  the  plan.  That  was  the  first  locomotive  constructed  with 
heated  cylinders,  and  it  appeared  the  principle  ought  never  to 
have  been  deserted;  but  it  was  singular  how  temporary  preju- 
dices sometimes  caxised  a  good  thing  to  be  departed  from. 
Those  inside  cylinders  were  abandoned  because  the  crank  axles 
were  found  liable  to  break,  but  then  after  that  objection  was 
subsequently  removed  by  improved  manufacture,  the  prejudice 
against  the  inside  cylinders  still  remained ;  however,  they  ap- 
peared now  to  be  going  back  to  them.  The  construction  of 
locomotives  was  still  perhaps  much  influenced  by  these  local 
prejudices  arising  from  individual  circumstances;  and  he  was 
confident  that  this  Institution  would  conduce  greatly  to  the 
removal  of  them,  by  the  mutual  interchange  of  ideas  and  ex- 
perience that  was  promoted  by  it;  and  nothing  could  assist 
more  in  forwarding  such  a  desirable  object  than  the  reading  of 
such  papers  as  the  present  one  by  Mr.  Clark. 

He  quite  agreed  with  the  opinion  stated  in  the  paper  on  the 
great  drawback  to  the  application  of  expansion  in  locomotive 
engines  caused  by  the  condensation,  from  the  cylinders  not 
being  heated ;  he  considered  some  additional  heat  was  reqtdred 
to  be  suppUed  during  expansion  to  prevent  condensation  taking 
place,  as  it  appeared  the  quantity  of  heat  in  steam  was  not  suffi- 
cient to  yn?^^ir^t^^^  the  whole  in  the  form  of  steam  during  expan- 
sion, but  a  portion  returned  to  the  form  of  water,  as  shown  in 
the  able  investigation  of  the  expansion  of  steam  given  in 
Lardner's  Treatise  on  Heat. 

Mr.  CowFER  described  some  experiments  that  had  been 
made  by  Mr.  Siemens  and  himself,  which  he  thought  showed 
that  condensation  did  not  take  place  during  expansion.  They 
took  a  cylindrical  tin  vessel  closed  at  the  top,  about  twelve 
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inches  high  and  two  inches  diameter/ the  metal  of  which  was 
very  thin,  and  coated  thickly  with  felt  outside  to  prevent  any 
loss  of  heat.  A  small  steam  pipe  was  coimected  at  the  top,  but 
the  bottom  of  the  cylinder  was  open  to  the  atmosphere ;  and  a 
stream  of  SO  lbs.  steam  was  blown  into  the  vessel  from  a  very 
small  orifice,  and  allowed  to  escape  freely  into  the  atmosphere 
at  the  open  end  of  the  cylinder.  After  a  short  time,  when  the 
cylinder  had  become  hot,  and  was  maintained  just  full  with 
expanded  steam  at  the  atmospheric  pressure,  a  thermometer 
inserted  a  short  distance  into  the  open  end,  showed  a  constant 
temperature  of  gl***  to  216°  instead  of  212%  proving  the  total 
quantity  of  extra  heat  that  is  in  high  pressure  steam ;  and  no 
condensation  could  be  perceived  inside  the  cylinder,  no  vapour 
being  visible  untU  the  steam  had  escaped  from  the  cylinder  into 
the  atmosphere.  This  experiment  was  tried  on  several  diSiorent 
occasions,  and  on  one  it  happened  that  the  boiler  was  priming 
slightly;  and  when  a  drop  of  water  came  over  through  the 
steam  pipe  and  dropped  upon  the  bulb  of  the  thermometer,  it 
was  observed  to  Ml  suddenly  to  212*,  and  remained  at  that 
point  tmtil  the  water  was  boiled  off,  when  it  again  rose  f^  to  3* 
above  the  boiling  point  as  before.  The  experiment  had  been 
suggested  by  Mr.  Siemens,  and  was  a  very  ingenious  one. 

The  Ohaibman  said,  he  did  not  think  that  mode  of  trying 
the  experiment  would  give  a  correct  result  as  r^;arded  the 
present  question,  as  the  steam  was  escaping  into  the  atmosphere 
instead  of  being  all  confined  within  the  cylinder,  and  the 
temperature  in  the  cylinder  being  maintained  above  the  boiling 
point  would  prevent  any  condensation  taking  place  during  the 
expansion  of  the  steam. 

Mr.  CowPER  did  not  think  that  in  a  cylinder  that  was 
thoroughly  protected  from  loss  of  heat  by  radiation  or  conduc* 
tion,  any  condensation  of  the  steam  would  take  place  during 
expansion,  and  that  if  any  condensation  occurred,  it  would  be 
found  to  be  owing  to  the  steam  having  lost  some  of  its  heat, 
which  it  could  not  recover.    The  result  that  he  obtained  by 
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indicator  diagrams  firom  a  pair  of  85  horse-power,  high-pressure, 
expansive,  and  condensing  engines,  which  he  had  constructed 
some  years  since,  fully  bore  out  this  view;  the  steam  was 
expanded  in  the  cylinder  of  each  engine  independently,  and 
the  practical  expansion  curve  was  obtained  very  accurately. 
The  whole  body  of  the  cylinder  was  necessarily  nearly  at  a 
mean  temperature  between  the  highest  and  lowest  steam  in  the 
cylinder,  (the  cylinder  not  having  a  steam  jacket,)  consequently 
the  steam  ought  to  be  slightly  cooled  on  entering  the  cylinder, 
and  towards  the  end  of  the  stroke,  where  it  was  at  a  lower 
temperature  from  expansion,  it  ought  to  be  slightly  wanned  by 
the  cylinder ; — now  the  indicator  figure  showed  both  these  cir- 
cumstances to  have  taken  place,  for  the  actual  curve  during  the 
first  part  of  the  stroke,  after  the  steam  had  been  cut-ofi^,  wajs 
rather  below  the  true  expansion  curve,  and  during  the  latter 
part  of  the  stroke  it  was  rather  above;  this  also  showed  that 
the  expansion  curve  required  a  slight  correction  for  the  extra 
quantity  of  heat  in  the  high-pressure  steam. 

Mr.  Clark  remarked  that  he  had  found  by  the  indicator 
diagrams,  that  a  great  condensation  of  the  steam  took  place  in 
exposed  outside  cylinders  during  the  first  part  of  the  stroke, 
from  the  coldness  of  the  cylinders,  and  a  considerable  amount 
of  condensation  also  was  caused  even  in  protected  cylinders, 
where  they  were  not  artificially  heated  by  exposure  to  the  hot 
air  in  the  smoke-box,  because  the  temperature  of  the  mass  of 
metal  in  the  cylinder  remained  about  the  mean  temperature 
of  the  steam  whilst  expanding  in  the  cylinder,  which  might  be 
many  degrees  below  the  original  temperature  of  the  steam  on 
entering  from  the  boiler.  This  caused  the  actual  pressure  of 
the  expanding  steam  to  be  below  the  theoretical  pressure 
during  the  first  half  of  the  stroke,  as  shown  in  the  indicator 
diagram.  Fig.  8,  Plate  56;  where  the  theoretical  curve  of 
expansion  is  shown  by  the  dotted  line  BCD,  allowing  for  the 
contents  of  the  steam  port  and  the  clearance  represented  by  the 
space  AA.     But  about  the  middle  of  the  stroke,  the  two  curves 
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coincide  at  C,  as  the  steam  was  then  at  its  mean  tempen^ore, 
and  agreed  with  the  temperature  of  the  cylinder ;  and  after  that 
pointy  as  the  steam  continued  to  expand  and  lower  in  tempera* 
ture^  the  cylinder  remaining  nearly  constant  was  hotter  than  iJie 
steam^  and  returned  some  of  the  heat  it  had  robbed  from  the 
steam,  re-evaporating  more  and  more  of  the  water  that  had  been 
condensed,  and  raising  the  curve  of  actual  pressure  above  the 
theoretical  curve  at  the  end  D,  where  the  exhaust  commeaoes. 
A  portion  of  the  lost  steam  is  thus  restored  in  the  second  half 
of  the  stroke,  but  a  serious  loss  of  power  still  remains ;  and  the 
consideration  of  this  action  that  is  always  going  on  to  a  greater 
or  less  extent  in  the  cylinders  of  Locomotives,  however  weB 
they  may  be  protected,  except  where  they  are  artificially  heated, 
shows  what  an  important  source  of  economy  is  to  be  found  in 
carrying  out  that  principle. 

The  Chairman  proposed  a  vote  of  thanks  to  Mr.  Clark  for 
his  valuable  and  interesting  paper,  which  was  passed. 


The  following  paper  by  Mr.  J.  E.  McConnell,  of  Wolverton, 
was  then  read  : — 

ON  A  NEW  PORTABLE  LIFTING  MACHINE. 

The  object  of  this  machine,  which  is  the  invention  of  Mr.  Long, 
Boyal  Hydrometer  Maker,  London,  is  to  obtain,  in  a  portable  and 
simple  form,  the  ]neans  of  multiplying  the  power  of  a  man  to  a 
very  great  extent,  for  the  purpose  of  lifting  weights,  &c.,  without 
the  drawback  of  heavy  friction  and  wear  to  which  some  lifting 
machines  are  liable,  such  as  those  in  which  an  endless  screw  works 
into  a  toothed  wheel.  A  specimen  of  this  machine  is  before  the 
meeting,  and  the  construction  is  shown  in  Figs.  1  and  2,  Plate  58. 

A  is  a  wheel,  on  vvhich  eleven  pins,  BH,  are  fixed  in  the  form  of 
teeth,  with  a  friction  roller  fitted  upon  each  pin. 
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The  circular  plate  GC  is  fixed  at  right  angles  to  this  wheel, 
upon  the  shaft  of  the  winch  D,  to  which  the  manual  power  is 
applied.  On  this  plate  is  cast  the  spiral  projecting  piece  EFG, 
Tvhich  makes  rather  more  than  one  turn  upon  the  plate.  This 
spiral  is  engaged  with  the  pins  BH  on  the  first  wheel,  and  the 
difference  in  the  amount  of  eccentricity  of  the  two  ends  of  the 
spiral  is  equal  to  the  pitch  or  distance  between  the  pins ;  so  that 
^vv^hen  the  plate  C  and  spiral  are  turned  round  one  revolution  by  the 
bandle,  the  wheel  A  is  driven  round  the  distance  of  one  pin  or 
tooth. 

The  driving  face  of  the  spiral  has  a  vaiying  bevil,  adjusted  so 
as  to  bear  fairly  and  uniformly  upon  each  pin  in  succession 
throughout  the  entire  revolution,  as  the  pin  varies  its  inclination 
from  B  to  H  ;  the  next  pin  above,  I,  being  then  brought  down  into 
the  position  B. 

The  thickness  of  the  spiral,  as  shown  at  G,  nearly  fills  the 
space  between  the  two  pins  at  all  times,  preventing  any  slip,  and 
ihe  upper  pin  is  engaged  a  short  distance  before  the  lower  one  is 
released. 

The  friction  roller  upon  the  pin  turns  round  during  the  motion, 
rolling,  with  little  friction,  along  the  inner  surface  of  the  spiral, 
which  forms  an  inclined  plane,  with  an  inclination  of  about  1  in  7. 

A  pinion  fixed  on  the, wheel  A  is  geared  into  one  of  three  times 
the  diameter  on  the  third  shaft,  K,  upon  which  is  fixed  the  drum  L, 
for  winding  up  the  rope  or  chain  attached  to  the  weight  to  be 
lifted.  The  leverage  of  the  spiral  and  first  wheel  being  1 1  to  I,  and 
that  of  the  spur  gearing  3  to  11,  makes  a  power  of  33  to  1,  and  the 
radius  of  the  winch  handle  and  of  the  drum  being  6  to  1,  the 
total  increase  of  power  obtained  by  the  machine  is  200  to  1  very 
nearly ;  or  one  man  exerting  a  power  of  J  cwt.  at  the  winch  could 
lift  five  tons,  including  the  fiiction. 

This  machine  has  the  advantage  of  reducing  tlie  friction,  in 
consequence  of  tlie  rubbing  action  being  confined  to  the  revolving 
of  the  friction  rollers  upon  their  axles,  instead  of  the  inclined  plane 
rubbing  upon  the  pins,  or  the  thread  of  an  endless  screw  rubbing 
upon  the  teeth  of  a  worm  wheel,  which  has  only  contact  at  little 
more  than  a  line.     This  has  a  scraping  action,  tending  constantly 
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to  remove  the  oil  from  the  surface,  hut  m  the  McUon  rollers  there 
is  a  much  larger  surface  in  contact  to  hear  the  pressure,  and  this 
surface  heing  always  in  contact  never  has  the  oil  scraped  off  the 
surface,  and  can  retain  the  oil  for  a  much  longer  time. 

The  same  principle  of  a  spiral  is  applied  in  a  oonvenient  and 
efficient  manner  in  the  vice  shown  in  Figs.  3  and  4,  in  which  the 
projecting  spiral  acts  upon  the  teeth  of  a  straight  rack,  connected 
to  the  sliding  jaw  of  a  parallel  vice. 

Another  application  is  also  shown  in  Fig.  5,  to  a  rack-puUey  for 
a  window-blind  cord,  in  which  the  pulley  can  be  conveniently  tight- 
ened or  slackened  or  removed  as  required,  and  is  held  in  its  place 
by  the  spiral. 


Mr.  McCoNNELL  exhibited  one  of  the  lifting  machines  at 
work,  and  specimens  of  the  vice  and  rack-pulley.  He  said  he 
had  only  lately  become  acquainted  with  the  invention,  and  it 
appeared  to  him  worth  bringing  under  the  notice  of  the  meet- 
ing; there  might  be  some  other  practical  applications  that  would 
be  useful  on  account  of  the  reduction  of  friction  in  transmitliiig 
the  power.  The  vice  was  a  convenient  form,  as  the  jaws  were 
always  parallel,  and  the  lever  was  out  of  the  way  of  the  man. 

The  thanks  of  the  meeting  were  ^iven  to  Mr,  McConnell  for 
})is  communication. 


The  consideration  of  Mr.  Lamb's  Marine-Engine  Boiler  was 
postponed  in  consequence  of  the  absence  of  the  author. 

The  Chairman  announced  that  the  next  Meeting  of  tbe 
Institution  would  be  an  additional  meeting  in  London^  in  June, 
for  which  some  valuable  papers  were  in  preparation;  and  he  con- 
gratulated the  members  on  the  prosperous  position  of  the  Ipsti* 
tution,  and  its  increasing  efficiency  and  usefulness. 
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The  Meeting  then  terminated,  and  the  members  adjourned 
to  the  library,  where  coffee  was  served,  and  several  interesting 
objects  were  exhibited. 

M.  BoiTRDON,  j&rom  Paris,  exhibited  several  varieties  of  his 
Manometer  or  pressure-gauge  for  steam  boilers  and  other  pur- 
poses, with  a  series  of  models,  illustrating  the  principle  on  which 
the  instrument  is  constructed ;  namely,  a  flattened  metallic  tube, 
bent  into  a  circular  curve,  and  acted  upon  in  the  interior  by  the 
pressure  of  the  steam,  &c.,  causing  the  curvature  to  diminish 
and  the  detached  end  of  the  tube  to  move  in  proportion  to  the 
degree  of  pressure,  and  indicate  the  pressure  by  moving  the 
index  on  the  dial,  the  tube  being  elastic.     These  instnmients 
were  stated  to  be  found  very  correct  in  practice,  not  liable  to 
derangement  or  inaccuracy,  and  convenient  in  application  as 
steam-pressure  gauges,  vacuum  gauges  for  condensers,  or  pres- 
sure gauges  for  gas,  &c. ;  and  were  adopted  for  general  use  by 
the  government  inspectors  of  steam-boilers  in  France.     A  por- 
table barometer  was  exhibited,  constructed  on  the  same  principle 
and  similar  in  form  to  the  aneroid  barometer.     Also  an  ingeni- 
ous instrument  for  measuring  velocity  of  rotation,    founded 
on  a  property  of  the  peculiar  form  of  curved  tube  that  was 
employed  in  the  above  instruments,  to  increase   its   internal 
capacity  in  proportion  to  the  diminution  of  its  curvature ;  this 
instrument  was  proposed  to  be  brought  before  the  Institution 
in  a  more  complete  form. 

Mr.  FoLLBTT  OsLEB,  of  Birmingham,  exhibited  to  the  mem- 
bers an  extensive  series  of  diagrams,  taken  from  his  new  com- 
pound self-registering  Anemometer,  fixed  at  the  Liverpool 
Observatory.  This  instrument  is  a  further  improvement  on 
the  former  self-registering  Anemometer  constructed  by  Mr. 
Osier,  and  erected  at  the  Birmingham  Philosophical  Institution 
in  1840;  described  in  the  Transactions  of  the  British  Association. 
In  this  instrument,  in  addition  to  the  constant  record  of  the 
direction  BJid  force  of  the  wind,  by  two  lines  traced  by  the  instru- 
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meiit  itself,  ^P^^  &  continiiouslf  moring  sheet  o£papa,  tlie  reio- 
^^y  is  recorded  by  a  third  line,  and  the  gmuttf/yby  fogrtkliiic- 
The  directum  and  ybrce  are  recorded  b j  two  pe&cik  i^chi  <»e 
flat  sheet  of  paper,  which  is  changed  erery  day,  and  is  fixed  cm  a 
table  moFed  at  a  uniform  rate  by  a  clock,  and  haying  the  socoes- 
sire  hours,  &c.,  marked  upon  it.     The  direction  pencil  is  moTed 
in  a  straight  line  across  the  pap^  by  means  of  a  quick-direaided 
screw  geared  to  the  wind  Tane,  tracing  on  the  paper  a  waring 
longitudinal  line,  the  ps^r  being  ruled  longitudinally  by  fixed 
pencils  to  mark  the  cardinal  points ;  the  wind-rane  is  similar 
to  the  £an-wheel  at  the  back  of  a  windmilL      The  presmtrt 
pencQ  is  moved  transrersely  upon  the  paper  by  connection 
through  wires  with  the  pressure-plate,   a  circular   disc   four 
square  feet  area,  which  is  held  always  at  right  angles  to  the 
direction  of  the    wind,    to   receive    the   full   pressure   upoj 
springs  at  the  back,  which  yield  according  to  the  Aegiee  ot 
pressure ;  a  fixed  pencil  rules  the  datum  line  upon  the  ]Miper. 

The  velocity  and  quantity   are   recorded   on  a  continuous 
sheet  of  paper  which  is  moved  by  the  wind  itself,  at  a  rate 
exactly  proportionate  to  the  Velodty  of  the  wind ;  the  successive 
hours  being  marked  upon  the  paper  whilst  passing,  by  means  of 
a  punch  which  is  in  connection  with  the  clock,  and  strikes 
a  blow  on  the  arrival  of  each  hour.     The  distances  betwee^. 
these  successive  hour-marks  on  the  paper,  give  consequentlyV 
by  a  scale  the  measure  of  the  velocity  of  the  wind  at  each 
time;    and  the  total  length  of  the  paper  that  is   passed  in 
an  hour  or  a  day  gives  the  measure  of  the  total  quantity  of  air 
that  has  passed  the  place  during  the  time,  one  inch  of  the  paper 
representing  thirty-eight  miles  of  air.    The  length  of  one  sheet  of 
paper  was  thirty-one  feet,  for  the  month  of  January  last,  repre- 
senting that  the  total  quantity  of  14,000  miles  of  air  had  travelled 
past  the  place  during  the  time ;  that  quantity  being  the  sum  of 
all  the  currents  of  air  in  all  directions  at  that  particular  place. 
The  motion  of  this  paper  is  obtained  from  a  vertical  spindle  which 
has  four  horizontal  arms,  three  feet  long,  fixed  on  the  top  at  right 
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angles  to  each  other^  each  carrying  at  the  extremity  a  hemi- 
splierical  cup^  eight  inches  in  diameter^  fixed  vertically,  so  that 
-wlien  one  presents  its  hollow  side  to  the  wind,  the  opposite  one 
presents  its  convex  side  in  the  same  direction.   The  moving  power 
of  the  wind  upon  the  convex  side  is  only  one-half  as  great  as  its 
power  on  the  hoDow  side,  and  consequently  the  whole  instrument 
is  caused  to  revolve ;  but  as  the  hollow  side  moves  with  the  wind, 
and  the  other  against  it,  the  result  is  that  the  instrument  revolves 
at  the  rate  of  one-third  the  velocity  of  the  current  of  air.    (This 
plan,  having  been  originally  discovered  by  Mr.  Edgeworth,  was 
first  applied  to  Anemometers  by  Dr.  Bobinson).     For  the  pur« 
pose  of  ascertaining  the  variations  in  the  velocity  of  the  current, 
Trhen  an  unusually  large  quantity  of  air  is  passing,  as  in  the  case 
of  a  storm,  there  is  an  additional  marking  apparatus  which  can 
be  thrown  into  gear  with  the  clock,  and  strike  a  mark  on  the 
paper  at  every  minute,  or  five  minutes,  or  quarter  of  an  hour, 
as  desired,  during  the  continuance  of  the  storm,  and  be  then 
discontinued  when   the  velocity  of  the    paper  is    sufficiently 
diminished.     This  instrument  is  the  first  that   has  been  con- 
structed of  this  compound  kind,  and  it  has  continued  in  constant 
work  for  about  half  a  year  with  entire  success ;  it  has  stood 
without  any  injury  or  derangement  the  trial  of  a  very  severe 
storm  on  9th  January  last,  when  the  pressure  of  the  wind 
reached  to  29  lbs.  per  square  foot,  as  recorded  on  one  of  the 
sheets  exhibited,  and  the  greatest  velocity  was  62  miles  per 
hour. 

Mr.  Edwin  Cotterill  exhibited  his  improved  Bank 
Lock,  and  a  number  of  specimens  of  different  ingenious 
applications  of  the  principle  of  his  lock.  The  large  Bank 
Lock,  which  received  great  attention  and  commendation  from 
the  members,  is  shown  in  Plate  59.  It  consists  of  a  series  of  24 
radiating  steel  slides  AA,  shown  in  the  section  Fig.  3,  and  in 
the  elevation  Fig.  6,  (which  has  the  front  plate  removed,  as  well 
as  the  centre  piece,  shown  separately  on  a  larger  scale  in  Figs.  1 
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and  2.)  The  slides  AA  move  in  radiating  channels  in  the  main 
barrel  of  the  lock  BB,  and  each  slide  is  pressed  to  the  centre 
pin  by  a  separate  spiral  spring  C  C.  A  circular  groove  D  D,  is 
cut  in  the  face  of  the  barrel  and  of  the  slides,  (when  the  slides 
are  forced  outwards  to  their  right  positions  by  the  insertion  of 
the  key,)  so  that  a  continuous  circular  channel  is  formed  by  the 
coincidence  of  the  different  portions  of  the  groove  in  the  face  of 
the  barrel  and  the  notches  so  cut  in  the  several  slides.  Into 
this  circtdar  channel  enters  the  notched  ring  E,  (shown  sepa- 
rately in  Fig.  4,)  which  is  fixed  to  the  top  frame  of  the  lock  FF, 
and  remains  stationary,  whilst  the  barrel  B,  with  the  set  of  slides 
and  springs,  revolves  with  the  key.  But  when  the  key  is  with- 
drawn, each  of  the  slides  is  forced  in  different  degrees  towards 
the  centre  by  its  spiral  spring,  sliding  also  through  the  several 
notches  in  the  fixed  ring  E,  so  that  their  solid  portions  inter- 
cept the  groove  in  the  barrel,  (as  shown  in  Fig.  6),  and  in  this 
position  the  barrel  is  held  fast  by  the  fixed  ring  E,  and  the  lock 
is  prevented  from  turning.  The  key,  shown  in  Fig.  7,  consists 
of  a  cylindrical  stem,  having  a  series  of  radiating  grooves  cut  in 
its  circumference,  corresponding  to  the  slides  in  the  lock ;  these 
grooves  are  inclined  in  the  bottom,  and  they  all  vary  in  depth, 
length,  and  the  angle  formed  by  their  bottom  with  the  axis  of 
the  key.  When  placed  in  the  lock  for  the  purpose  of  opening 
it,  the  key  is  pressed  down  to  the  bottom,  and  each  slide  entering 
one  of  the  grooves  of  the  key,  they  are  forced  outwards  by  the 
inclined  bottom  of  the  grooves,  to  the  various  distances  accord- 
ing to  the  depth  and  form  of  the  grooves ;  and  when  the  key  is 
pressed  home  the  notches  in  all  the  slides  exactly  coincide  with 
the  circular  groove  in  the  barrel,  leaving  a  clear  passage  for  the 
notched  ring  E,  and  the  barrel,  with  all  the  slides,  is  then 
turned  round  with  the  key  by  means  of  the  projecting  bits  on 
the  key.  Should  an  attempt  be  made  to  open  the  lock  with  a 
fiedse  key,  one  or  more  of  the  slides  would  be  pushed  too  fer,  or 
not  far  enough,  and  then  it  would  intercept  the  circular  groove 
D,  and  prevent  the  barrel  from  turning,  by  locking  it  &st  with 
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the  fixed  ring  E.  The  revolution  of  the  barrel  B,  causes  all 
the  bolts  of  the  lock  to  be  thrown,  by  the  toothed  ring  G,  fixed 
upon  the  outside  of  the  barrel,  working  into  the  wheel  H,  on 
the  axis  of  which  is  the  pinion  I,  that  turns  the  wheel  K»  and 
this  throws  the  bolt  L,  by  means  of  the  pins  forming  a  rack 
upon  the  end  of  the  bolt.  The  other  bolts  MM^  (16  in  all),  are 
thrown  by  similar  wheels  NN,  which  are  all  driven  simultane^ 
ously  with  the  wheel  K,  by  means  of  the  toothed  ring  O,  which 
revolves  loose  on  the  barrel  B,  and  gears  into  each  of  these 
wheels. 

The  centre  piece,  shown  separately  on  a  larger  scale  in  Figa. 
1  and  2,  (elevations  taken  from  the  inner  side)  contaiiis  the  ^^nosle- 
drop,"  P,  which  is  a  steel  plate,  closing  the  keyhole  Q,  and  pre- 
vents the  key  from  entering  the  lock,  until  it  is  removed  into  the 
position  shown  in  Fig.  2,  by  the  key  making  one  revolution  pre- 
viously, and  turning  round  the  inner  cylinder  R,  which  moves 
the  drop  on  ona  side  by  the  pin  on  the  cylinder  at  B,  and  the 
key  is  then  ready  to  enter  the  lock,  the  key-hole  being  again 
instantly  closed  by  the  drop  when  the  key  is  removed,  by  the 
spring  pressing   it   over  the  pin,  which  slips  under    the  drop 
in  that  position.     But  the  cylinder  B,  has  a  notch  S,  which  is 
locked  by  the  vertical  slide  T,  (shown  unlocked  in  Fig.  2,  and 
altogether  removed  in  Fig.  1) ;  and  it  cannot  be  made  to  revolve 
until  this  slide  T,  is  withdrawn  by  means  of  the  safety  key  or 
'*  sentineF*  shown  in  Fig.  6,  which  turns  round  the  barrel  U, 
(Fig.  2),  and  draws  down  the  slide  T,  by  the  projecting  bit  on 
the  barrel  acting    on  the  notch  in  the  tumbler  V,  which  is 
centred  at  the  top  upon  the  slide  T.      This  tumbler  is  pressed 
up  by  a  spring,  T,  and  has  an  L-shaped  slot,  in  which  a  fixed 
pin  works,  and  this  pin  holds  down  the  tumbler  and  slide,  when 
pressed  into  the  horizontal  part  of  the  slot  by  the  action  of  the  bit 
on  the  revolving  barrel,  U.     This  holds  down  the  slide  T,  and 
prevents  it  from  again  catching  the  cylinder  B,  until  the  main 
key  is  put  into  the  lock ;  but  directly  the  main  key  begins  to 
turn,  the  rocking  lever  W,  which  had  before  rested  on  a  flat 
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place  in  the  cylinder  R,  is  thrown  out  by  coming  in  contact  with 
the  circumference  of  the  cylinder,  and  the  lower  end  of  the 
lever  W,  presses  in  the  tumbler  V,  and  releases  it  from  the  pin 
by  bringing  it  into  the  vertical  portion  of  the  slot  in  the  tumbler, 
which  is  then  pressed  up  by  the  spring  Y ;  and  the  slide  T,  is 
pressed  against  the  cylinder  R,  ready  to  lock  into  the  notch  S, 
directly  it  comes  opposite.  The  "  sentinel"  key,  (Fig.  6,)  is  a 
complete  counterpart  of  the  main  key  on  a  smaller  scale,  and 
acts  on  a  complete  lock  on  the  same  principle,  with  six  radiating 
slides,  and  having  the  key-hole  closed  by  a  "  nosle-drop  "  X,  in 
the  same  manner.  Consequently,  before  the  main  lock  can  be 
opened,  the  sentinel  key  has  to  be  turned  once  round  to  open 
its  own  key-hole,  and  then  pressed  home  to  move  the  slides  in 
its  lock  to  the  right  position,  for  enabling  the  key  to  turn  a 
second  time  and  unlock  the  catch  from  the  main  key-hole ;  the 
main  key  is  then  put  in,  and  by  the  first  revolution  in  the  same 
manner  opens  its  key-hole  and  is  then  pressed  home,  and  by  a 
second  turn  the  lock  is  opened.  This  operation,  though  appa- 
rently complicated,  is  in  reality  as  simple  as  unlocking  two 
successive  doors  of  the  bank  safe,  both  having  been  double- 
locked  ;  but  by  this  plan  extreme  security  is  obtained,  as  a  lock 
of  great  security  has  first  to  be  picked  before  the  key-hole  of 
the  main  lock  can  be  opened,  and  any  steps  taken  towards 
picking  it. 

A  further  security  is  obtained  by  means  of  a  detector  slide, 
which  is  attached  to  one  or  more  of  the  slides  in  the  lock,  so 
that  if  any  one  of  those  slides  is  pressed  out  too  far  by  a  false 
key  or  otherwise,  although  the  slide  were  brought  back  to  its 
right  place,  the  detector  slide  would  remain  projecting  into  the 
circular  groove,  forming  an  effectual  obstruction  to  the  revolution 
of  the  barrel ;  and  this  obstruction  could  not  be  removed  even 
by  the  right  key  in  the  ordinary  manner,  thereby  detecting  the 
attempt  upon  the  lock,  imtil  the  key  was  first  turned  backwards 
for  a  certain  distance,  which  draws  back  the  detector  slide  into 
its  place,  and  restores  the  lock  to  its  ordinary  state.      The  keys 
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are  cut  by  a  machine  for  the  purpose,  which  admits  of  being 
varied  whilst  working,  to  such  an  extent,  that  the  key  of  every 
lock  is  made  different,  two  only  being  cut  alike  as  duplicates  for 
each  lock ;  the  key  is  made  first  in  each  case,  and  the  lock  is 
formed  to  the  key,  by  the  slides  being  fitted  to  the  key,  the 
circular  groove  in  the  barrel  and  slides  being  cut  simultaneously 
w^hilst  the  key  is  in  its  place ;  the  form  of  the  grooves  of  the 
key  gives  it  the  peculiar  advantage  that  an  impression  cannot  be 
taken  jfrom  it,  and  the  difficulty  of  making  a  correct  duplicate  of 
tkie  key  is  so  extreme,  (except  by  the  original  cutting  machine 
whilst  adjusted  to  cut  each  groove  of  the  first  key),  as  to  prevent 
risk  of  the  key  being  copied.  The  slides  being  firmly  guided  in 
the  grooves  of  the  barrel,  and  the  key-hole  securely  closed  by 
the  nosle-drop,  protects  the  lock  effectually  jfrom  injury  by 
violence  firom  gunpowder  or  otherwise. 


II.  BiLUMO,  Printer,  74,  75,  and  76,  Newhail  Street,  Birmingham. 
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PROCEEDINGS. 


The  Special  General  Meeting  of  the  Members  was  held 
at  the  Hooms  of  the  Society  of  Arts,  John  Street,  Adelphi, 
London,  on  Tuesday,  29th  June,  1852.  The  Chair  was  taken 
by  J.  E.  McConnell,  Esq.,  Vice-President,  in  the  unavoidable 
absence  of  the  President,  Robert  Stephenson,  Esq.,  M.P. 

The  Secretary  read  the  Minutes  of  the  last  General  Meeting, 
^which  were  confirmed. 

The  following  Paper  by  Mr.  Andrew  J.  Eobertson,  of 
London,  was  then  read : — * 

ON  THE  MATHEMATICAL  PRINCIPLES  INVOLVED  IN 
THE  CENTRIFUGAL  PUMP. 

Centrifugal  Pumps,  the  principles  of  which  form  the  subject  of  the 
following  paper,  will  no  doubt  be  remembered  as  occupying  a  con- 
Bpicuous  position  in  tbe  Great  Exhibition  of  last  year.  The  first 
impression  on  seeing  these  pumps,  was  naturally  surprise,  that  so  simple 
a  machine,  and  occupying  but  little  space,  should  be  capable  of  throw- 
ing so  great  a  volume  of  water. 

•  Simplicity  is,  no  doubt,  a  very  great  merit  in  itself,  and  when  it 
can  be  obtained,  without  the  sacrifice  of  other  things  of  more  importance, 
is  extremely  desirable ;  moreover,  this  characteristic  of  the  pump  in 
question  gives  it  a  peculiar  advantage  in  practice,  which  will  be  more 
particularly  alluded  to  hereafter ;  but  before  a  correct  judgment  can  be 
formed  of  its  merits  as  a  whole,  it  is  evidently  necessary  to  compare 
not  only  the  proportion  between  the  size  and  effect,  but  between  the 
power  required  to  be  expended,  and  the  useful  work  accomplished. 

It  is  unnecessary  for  the  present  purpose  to  enter  into  any  descrip- 
tion of  the  details  of  these  pumps.  Their  form  may  be  varied  accord- 
ing to  circumstances ;   for  instance,  they  may  have  one,  two,  or  six 

•  The  Secretary  explained  that  this  paper  haJ  been  incorrectly  announced  as  by  Mr.  Michael 
Scott  of  London,  and  was  written  by  his  assistant  Mr.  Bobertaon,  to  whom  the  credit  and  the 
responsibility  of  the  paper  were  dne. 
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arms.  In  discussing  the  general  principle,  it  will  be  emfficient  to  tib 
a  form  which,  while  it  embodies  the  principle  completelj,  will  serve  t 
set  it  in  the  clearest  light. 

The  Pump  may,  then,  be  said  to  be  composed  of  a  borizantal  arm  or 
pipe  A,  in  Fig.  1,  Plate  60,  and  a  vertical  pipe  B,  dipping  into  i 
ciBtem  C,  from  which  the  water  is  required  to  be  raised ;  the  whole  k 
supported  in  such  a  manner  that  6  constitutes  an  axis,  about  which  tk 
machine  is  made  to  revolve  by  means  of  a  steam  engine  acting  on  tbe 
crank  D.  Suppose  that  the  arm  is  filled  with  water,  as  sboini  in  the 
figure,  and  that  the  arm  is  in  motion;  the  water  contained  in  the  ant 
A  has  then  a  centrifugal  force,  the  amount  of  wbich  depends  upon 
the  angular  velocity  with  which  it  is  revolving.  It  is  manifest  that  this 
velocity  must  be  such  as  to  produce  a  centrifugal  force,  equal  to  ih^ 
weight  of  a  column  of  water  of  the  same  section  as  the  arm,  and  of  a 
length  equal  to  the  height  of  the  discharge  pipe  above  the  surfece  oi 
the  water  in  the  cistern,  in  order  that  the  column  of  water  in  the  pips 
B  may  be  supported. 

When  this  velocity  increases,  the  centrifugal  force  is  in  excess,  the 
water  flows  through  the  arm  A,  and  is  delivered  into  a  conduit  to  take 
it  oflF.  The  amount  of  this  delivery  depends  therefore  upon  the  excess 
of  the  angular  velocity  above  that  required  to  keep  the  arm  full. 

The  question  we  have  now  to  examine  is,  what  is  the  power  re- 
quired to  drive  this  Pump,  an^  what  is  the  useful  effect,  estimated  hy 
the  product  of  the  quantity  delivered,  by  the  height  which  it  is  raised- 
Let  a  be  the  angular  velocity  of  the  arm. 

R  the  length  of  the  arm  in  feet,  and  consequently  the  radios 

of  the  circle  described  by  the  extremity. 
G  the  distance  in  feet  of  the  centre  of  gravity  of  the  "Vfat^^ 
contained  in  the  arm,  from  the  centre. 
Let  the  area  of  the  section  be  constant  throughout  its  length* 
and  equal  to  unity,  and  let  w  be  the  weight  of  the  water  contain^^ 
in  one  foot  of  the  arm. 

Then  the  whole  weight  W  =  R  w,  and  G  =  — 

And  the  centrifugal  force  =  -  W  G«  =   -- —  tr 

9  ^9 

•  MoMley'a  "  Mechanical  Principle*  of  Engineerinff  and  Architectare,"  EquoUon  101,  p.  lU- 
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Or,  for  the  sake  of  simplicity — 

......  «'R* 

Let  w  =  1,  theft  the  centnfugal  force  =  -— - 

Now  a  R  is  the  actual  velocity  with  which  the  oater  end  of  the  arm  is 

moTing,  and  —^  is  the  height  due  to  that  velocity.* 

The  centrifugal  force  of  the  water  is  therefore  represented  hy  the 
weight  of  a  column  of  water  of  equal  section  with  the  arm,  and  of  a 
height  equal  to  that  due  to  the  velocity  of  the  end  of  the  arm.  And, 
as  was  ohserved  before,  the  part  of  this  column  which  is  effective  in 
producing  a  flow  through  the  arm  is  the  excess  of  the  height  of  this 
colamn  above  the  height  of  the  orifice  of  discharge,  reckoned  from  the 
surface  of  the  water  in  the  cistern. 

What,  then,  is  the  velocity  of  flow  so  produced  ? 
In  estimating  the  effect  of  the  centrifugal  force,  the  velocity  required 
to  be  communicated  to  the  water  in  the  vertical  pipe  may  be  neglected 
for  the  present,  because  by  increasing  the  area  of  its  section  relatively 
to  that  of  the  arm  it  may  be  reduced  considerably,  and  for  the  sake  of 
simplicity,  it  may  be  consideied  as  nothing.  This  subject  will  be  alluded 
to  hereafter. 

Let  AB,  in  Fig.  2,  Plate  60,  be  a  pipe  of  equal  section  throughout. 

Let  the  water  in  it  be  in  motion.     After  a  small  period  of  time,  the 

water  which  occupied  the  space  AB  will  occupy  the  space  CD.     The 

portion  CA  drops  off,  and  an  equal  quantity  of  water  DB,  at  rest,  is 

added. 

The  portion  DB  is  put  in  motion  suddenly,  by  virtue  of  its  continuity 
with  the  water  in  AD,  but  in  thus  being  put  in  motion  it  reacts  upon 
the  water  in  AD,  and  checks  its  velocity. 

Now  suppose  that,  instead  of  being  added  at  rest,  D  B  had  a  motion 
equal  to  that  of  the  balk  of  the  water,  no  retardation  would  be  produced  ; 
and  conversely,  if  that  water  be  moving  through  the  arm  with  the 
velocity  with  which  the  portion  DB  can  be  constantly  added,  that 
velocity  will  be  maintained*  uniform.  But  the  velocity  with  which  DB 
can  be  added  is  that  due  to  the  head  of  water  acting  on  the  arm,  and 
therefore  the  velocity  of  flow   is    that    due   to   the  excess    of  the 

*Moiel6y'8  "MechAiiieal  Principles  of  Engineering  and  Architecture,"  Eqaation  38,  p.  53. 
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column  representiDg  the  centrifdgal  force  above  the  length  of  tlie 
vertical-pipe. 

If  ^  be  the  length  of  the  vertical  pipe,  then his  the  effectiTe 

head,  and  the  velocity  of  flow  is  \/  S^f  j  _-  —  a}  =  \/o"R*  —2^* 

Let  the  velocity  of  the  water  at  the  end  of  the  arm  be  V,  and  that  due  to 
the  length  of  vertical  pipe  h  =z  v,  then  the  velocity  of  flow  =  V  V*  —  v* 
and  since  the  area  of  the  section  of  the  arm  is  unity,  the  discharge  per 
second  is  also  represented  by  the  same  expression  VV*  —  v* 

Next — to  estimate  the  amount  of  power  required  to  be  expended 
upon  the  machine  to  produce  this  discharge. 

Every  particle  of  the  water  contained  in  the  arm  has  the  same 
circular  motion  as  the  part  of  the  arm  it  is  in. 

The  water,  therefore,  as  it  leaves  the  arm,  has  a  velocity  equal  to 
that  of  the  outer  end,  and  its  direction  would  be  a  tangent  to  the  circle 
described  by  the  end. 

But  it  has  also  a  velocity  (that  of  the  discharge)  in  the  direction  of 
the  length  of  the  arm,  or  the  radius  of  the  circle ;  its  actual  motion, 
therefore,  in  magnitude  and  direction,  will  be  represented  by  the 
diagonal  AE  of  the  parallelogram  ABED  in  Fig.  3,  Plate  60,  one  side 
of  which,  AD,  represents  the  first  velocity  above  mentioned,  and  AB  or 
DE  the  other. 

What  we  are  concerned  about  at  present  is  the  amount  only  of  this 
velocity. 
AE«  =  ED«  +  AD*  =  AB«  +  AD^  =  {Y^  -  v«)  +  V«  =  V*  -  «^ 
The  number  of  units  of  work  accumulated  in  a  body  moving  with  a 
given  velocity  (which  is  the  power  required  to  be  expended  to  produce 
that  velocity)  is  represented  by  the  formula — 

where  Vi  is  the  velocity,  and  w  the  weight. 

In  the  present  case  fj  =  2  V*  —  v* 
w  =  discharge  per  second  =  v^  V  —  v* 


•Moseley's  "  Mechanioal  Prinoiplee,"  ftc.  Equation  44,  page  69. 
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6ut  cot  only  is  the  water  now  in  motion  which  was  formerly  at  rest, 
but  it  is  in  motion  at  a  higher  level.  The  total  numher  of  units  of 
vrork  which  most  therefore  have  heen  done  apon  the  machine,  is  the 
sum  of  the  numher  of  units  expended  in  producing  motion,  and  the 

number  expended  in  raising  the  water  to  the  height  h  or  ~,  which  is 

^g 
represented  hj 

?;«        

Therefore  the  total  power  expended  is  equal  to 

U^  +  Uj  =  ~  Vv»-v« 
9 

or  the  power  expended  on  the  machine  is  measured  by  the  quantity  of 
^water  delivered,  raised  to  tmce  the  height  due  to  the  velocity  of  the 
circumference  of  the  arm. 

As   to  the  useful  efect  produced,  it  is  simply  the  water  delivered 

raised  to  the  height  h,  or  —-  V  V*  —  i^ 

Since  a  body  in  motion  is,  theoretically,  always  capable  of  raising 
itself  to  a  height  due  to  the  velocity,  it  will  be  clear  that  the  water 
when  delivered  with  considerable  velocity  must  be  capable  of  doing 
work,  either  by  impinging  upon  a  machine  to  which  it  might  communi- 
cate motion,  or  by  raising  itself  to  an  additional  height;  and  if  the 
power  thus  inherent  in  the  water  could  be  taken  advantage  of  without 
interfering  with  the  discharge,  the  result  would  be  that  the  useful  effect 
would  equal  the  power  expended ;  supposing  for  argument's  sake  that 
friction  and  such  causes  of  loss  did  not  exist. 

But  there  are  great  practical  difficulties  in  the  way  of  recovering 
power  from  water  in  motion.  The  useful  effect  of  an  undershot  water- 
wheel  is  only  88  per  cent,  and  then  the  water  flows  with  a  full  body  in 
a  confined  channel ;  but  in  the  centrifugal  pump  it  flies  off  from  all 
parts  of  the  circumference  of  a  circle.  Had  the  direction  of  the  motion 
been  that  of  the  radius  of  the  circle,  a  di9h  of  the  shape  shown  at  E  in 
Fig.  4,  Plate  60,  would  have  guided  the  water,  and  it  might  have  been 
delivered  into  a  trough  at  a  higher  level.  Even  then,  the  friction  of  the 
surface  of  this  dish  would  greatly  diminish  the  velocity,  and  conse- 
quently the  power  of  rising;  but,  unfortunately,  as  has  been  shown. 
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the  direction  is  that  of  the  diagonal  of  the  parallelogram  A£,  Fig.  3, 
from  which  it  will  he  evident  that  the  length  of  the  path  which  must 
he  descrihed  hy  the  water  hefore  the  trough  in  Fig.  4  could  be  reackd 
must  he  yeiy  much  greater  than  in  the  case  supposed  above. 

We  must  therefore  come  to  the  conclusion,  that  unless  some  means 
can  be  devised  of  recovering  the  power  of  the  motion  of  the  water,  it 
must  be  thrown  awaj,  and  consequently  lost — ^for  it  is  only  by  misappli* 
cation  or  waste  that  power  can  correctly  be  said  to  be  lost,  action  eod 
reaction  being  always  equal. 

The  amount  of  this  loss  or  waste  of  power  is  then — 

The  expression  vanishes,  or  the  loss  is  nothing,  when  v  =  V,  or  when 
the  delivery  is  nothing,  that  is,  when  the  velocity  of  the  circamference 
is  that  due  to  the  height  h  of  the  arm  above  the  water. 

Since  the  total  power  expended  is  —  V^  V*  —  v* 


And  the  useful  effect  is —  V'V . 

^9 


The  per^jentage  of  ueeful  effect  is     1 00 — ^  =  — ^  x  100 

<*  V  <w  V 

or  the  height  to  which  the  water  is  raised  divided  by  twice  the  height 
due  to  the  velocity  of  the  circumference  of  the  arm. 

Suppose,  then,  a  Pump  required  to  throw  a  certain  quantity  of 
water,  the  velocity  through  the  arm  may  evidently  be  made  veiy  little 
if  the  section  be  large ;  and  the  limit  to  which  this  enlargement  of  tii0 
section  may  be  carried  is  imposed  only  by  practical  convenience.  In 
this  case,  v^  is  but  little  less  than  V*,  and  may  be  taken  as  equal 
in  the  left-hand  factor  of  the  expression  for  the  waste  of  power,  which 
then  becomes — 

1  V*      . 

Waste  of  power  ....=-—  -v/y*  — r" 

V«      , 

Total  power  expended    =     —  v'V'  —  v* 

or  the  waste  is  exactly  one-half  the  power  expended. 
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Thus  we  see  that  the  limit  to  which  an  approximation  may  he  made, 
but  which  can  never  he  practically  realised,  is  that  the  useful  effect 
should  be  half  the  power,  or  50  per  cent. 

In  the  foregoing  investigation  the  horizontal  arm  has  been  considered 
for  the  sake  of  simplicity  to  be  situated  at  the  upper  extremity  of  the 
yertical  pipe  ;  in  practice  it  is  usually  more  convenient  to  place  it  in  an 
intermediate  position,  having  part  of  the  column  above  and  part  below ; 
this  however  does  not  affect  the  principle  of  the  investigation. 


Hitherto,  the  power  absorbed  by  the  velocity  required  to  be  commu- 
nicated to  each  particle  of  water  as  it  leaves  the  cistern  and  rises  in 
the  pipe  B,  Fig.  1,  has  been  neglected  ;  nor  is  it  necessary  to  assign  a 
definite  value  to  it.  By  enlarging  the  pipe  B,  it  may  be  greatly 
reduced,  but  as  it  can  never  be  removed  entirely,  it  constitutes  one  item 
of  that  loss  which  has  to  he  deducted  from  the  theoretical  limit  of  60 
per  cent. 

There  is,  again,  the  friction  of  water  in  passing  through  the  pipe  B, 
and  the  arm  A ;  and,  lastly,  there  is  the  friction  of  the  machine  itself. 

In  Whitelaw*s  Mill,  when  a  head  of  water  is  employed  as  a  source 
of  power,  and  where  the  waste  arising  from  the  communication  of  a 
circular  motion  to  the  water  contained  in  the  arm  is  avoided,  the  causes 
of  loss  just  mentioned  are  in  most  respects  the  same. 

The  writer  believes  that  in  this  machine  the  percentage  of  useful 
effect  has  been  found  to  be  from  70  to  75  per  cent.  In  estimating  the 
useful  effect  likely  to  be  realised  by  the  Centrifugal  Pump,  we  may 
take  this  as  a  guide,  and  since  in  this  case  60  per  cent,  is  the  limit 
instead  of  100  per  cent,  we  have  Aft>  X  60  =  37^  per  cent,  as  the 
practical  result. 

Although,  therefore,  the  waste  of  fuel  in  employing  this  Pump  is 
▼ery  great,  it  does  not  follow  that  it  cannot  be  employed  with  ad- 
vantage under  any  circumstances.  There  are  many  cases  when  fuel  is 
cheap,  and  when  it  is  consequently  of  greater  importance  to  effect  a 
saving  in  the  first  cost  of  a  machine,  than  in  the  quantity  of  fuel  which 
it  consumes.  Local  peculiarities,  too,  may  render  it  not  only  diflBcuU 
to  erect  a  Pumping  Engine  of  the  ordinary  construction,  which  requires 
strong  and  heavy  foundations,  but  even  impossible. 
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In  alluyial  formations  of  great  depth,  a  firm  foundation  can  be  ob. 
tained  only  at  great  expense  In  such  cases,  the  simplidtj,  the 
lightness,  the  cheapness,  and,  it  may  be  added,  the  portableness  of  such 
a  machine  as  the  Centrifugal  Pump,  are  advantages  which  may  greatly 
outweigh  its  want  of  economy  in  the  consumption  of  fuel. 


Mr.  Buckle  enquired  whether  indicator  figures  had  been 
taken  to  ascertain^  practically,  the  loss  of  power  in  work  done 
by  centrifugal  pumps  ? 

Mr.  Stein  (in  the  absence  of  Mr.  Robertson^  the  author  of 
the  paper,  who  was  prevented  by  illness  from  attending),  ex- 
plained that  the  paper  was  only  intended  to  investigate  the 
theory  of  centrifugal  action,  as  applied  to  raising  water,  not 
the  practical  results  of  machines  that  had  been  constructed; 
the  object  was  to  show  that  the  centrifugal  action  is  not  the 
one  to  be  aimed  at,  being  a  losing  action,  as  far  as  raising  the 
water  is  concerned. 

Mr.  Buckle  said  he  thought  that  in  raising  water  it  was 
best  to  lift  the  water  by  direct  action,  and  there  was  a  loss  of 
power  in  giving  it  a  circular  motion. 

Mr.  Stein  observed,  that  in  centrifugal  pumps  there  is  not 
only  the  radial  action  from  the  centre  to  the  circumference, 
but  also  that  in  the  direction  of  the  tangent ;  the  former  only  is 
eflfective  in  raising  the  water,  the  latter  being  all  lost,  and  only 
making  the  water  revolve  round  a  fixed  centre,  which  absorbed 
so  much  of  the  power  uselessly. 

Mr.  Buckle  considered  a  balanced  bucket-and-clack  pump 
best  for  short  lifts,  and  a  plunger-pump  with  equilibrium  clacks 
best  for  all  high  lifts.  He  asked  what  was  the  limit  to  the  height 
to  which  water  could  be  raised  by  centrifugal  pumps  ? 

Mr.  Stein  said  there  was,  theoretically,  no  limit  to  the  height, 
it  only  depended  on  the  velocity  given  to  the  circumference  of 
the  arms. 

Mr.  Phipps  thought  that  quite  an  erroneous  view  of  the 
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question  was  taken  in  the  paper.  It  supposed  that  the  water 
issued  from  the  arms  with  the  full  tangential  velocity,  which 
'would  involve  a  great  loss,  but  that  was  not  the  case.  He 
thought  it  might  be  put  in  a  different  way.  Imagine  that  an 
elastic  band  round  the  periphery  of  the  revolving  arms  confined 
the  water,  and  represented  the  resistance  to  be  overcome ;  this 
band  would  yield  a  little  outwards,  in  proportion  to  the  pressure, 
axid  give  vent  to  an  annul  us  of  water  at  a  slow  speed,  not  at 
the  great  tangential  velocity  supposed,  but  at  the  rate  corres- 
ponding to  the  difference  between  the  internal  and  external 
pressure.  He  understood  Mr.  Appold's  experiments  with  his 
centrifugal  pump  at  the  Exhibition  gave  an  effect  of  70  per 
cent,  of  the  power  expended. 

Mr.  Bishop  could  not  see  what  became  of  the  lost  power,  if 
so  much  of  it  was  not  effective  as  was  argued  in  the  paper. 

Mr.  Stein  explained  that  the  paper  was  only  upon  the  prin- 
ciples of  the  true  centrifugal  pump ;  there  were  perhaps  some 
rotary  pumps  which  might  involve  another  principle  of  lifting 
the  water  by  an  inclined-plane  action  of  the  oblique  arms, 
which  would  not  involve  a  loss  of  power  to  the  same  extent, 
but  the  investigation  in  the  paps  r  applied  only  to  those  pumps 
with  radial  arms,  where  centrifugal  action  alone  was  employed. 

Mr.  E,  A.  CowpER  observed,  that  Appold's  pump  had 
curved  or  oblique  arms,  which  would  have  an  inclined-plane 
action  to  some  extent  in  lifting  the  water. 

Mr.  H.  Grissell  said  he  had  constructed  two  large  pumps 
for  draining  purposes,  on  Appold's  plan,  which  worked  exceed- 
ing well,  lifting  8,000  and  10,000  gallons  of  water  per  minute. 
Mr.  Appold  had  made  experiments  on  the  power  employed, 
and  had  found,  he  understood,  a  result  of  about  70  per  cent., 
but  did  not  know  the  exact  means  by  which  the  power  was 
measured. 

Mr.  Phipps  said  he  believed  Mr.  Appold  had  tried  an  ex- 
periment on  the  power  consumed,  by  means  of  a  Prony's  friction- 
break,  upon  a  centrifugal  pump  at  his  factory. 
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Mr.  Edwabds^  of  Birmingham,  said  he  had  manufiftctured 
several  of  Gwynne's  centrifugal  pumps,  and  he  had  recently 
tried  an  experiment  with  one  that  contained  some  further  improve- 
ments of  his  own  invention,  having  a  revolving  disc  IS  inches 
in  diameter,  and  driven  at  800  revolutions  per  minute ;  it  raised 
650  gallons  of  water  per  minute  to  a  height  of  17  J  feet,  with  a 
five-horse  power  steam  engine,  which  he  considered  was  equal 
to  a  duty  of  70  per  cent. 

Mr.  Crampton  inqtiired  whether  the  actual  power  had  been 
measured  that  was  developed  by  the  engine,  and  employed  in 
that  experiment,  by  means  of  an  Indicator  or  otherwise  ?  He 
believed  that  an  effect  of  70  per  cent,  of  the  power  employed 
had  been  found  to  be  obtained  in  Appold's  Pump  at  the  Exhi- 
bition, but  only  about  half  that  eflTect  from  Gwynne's  Pump. 

Mr.  Edwards  replied  that  the  power  had  not  been 
measured  by  an  Indicator  in  his  experiment,  but  had  been 
calculated  from  the  dimensions  of  the  engine  and  the  pressure 
of  steam  at  the  time,  which  he  thought  would  be  nearly  cor* 
rect.  It  was  a  high-pressure  steam  engine,  with  a  cylinder 
8-inch  diameter  and  18-inch  stroke,  working  100  double 
strokes  per  minute',  and  the  steam  was  at  45  lbs.  per  inch  ;  the 
back  pressure,  he  thought,  would  not  be  more  than  about  ft  lbs. 
per  inch  on  the  piston. 

Mr.  Buckle  observed,  that  it  was  very  deceiving  to  form 
any  estimate  of  the  power  given  out  by  a  steam  engine  from 
the  pressure  of  the  steam  in  the  boiler ;  and  it  was  impossible 
to  ascertain  the  effective  moving  pressure  in  the  cylinder  unless 
by  taking  indicator  figures. 

Mr.  McCoNNELL  considered  it  was  essential  in  such  experi- 
ments to  measure  the  power  employed  by  means  of  indicator 
figures  from  the  engine,  or  some  kind  of  dynamometer,  as  no 
accurate  practical  results  coidd  be  obtained  otherwise ;  and  he 
thought  it  was  very  desirable  to  obtain  more  correct  data  than 
appeared  to  be  accessible  at  present,  for  a  further  discussion  pf 
no  important  a  subject. 
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A  Yote  of  thanks  was  passed  to   Mr.   Robertson  for  his 
Paper^  and  the  discussion  was  adjourned  to  the  next  meeting. 


The  following  Paper,  by  Mr.  Daniel  K.  Clark,  of  Edin- 
biirgh,  was  then  read,  being  the  continuation  of  the  Paper  read 
by  him  at  the  last  meeting : — 

ON  THE  EXPANSIVE  WORKING  OP  STEAM  IN 
LOCOMOTIVE  ENGINES. 

In  this  paper  it  is  proposed  to  consider  the  conditions  on  which 
the  expansive  working  of  steam  in  Locomotives  may  be  most  bene- 
flciallj  carried  out 

The  Condensation  of  Steam  in  the  Cylinder  by  exposure,  which  takes 
plaoe  in  certain  arrangements  of  locomotives,  is  susceptible  of  proof 
in  various  ways :  by  the  internal  evidence  of  the  indicato]>diagram, 
in  respect  of  its  general  form,  the  form  and  course  of  the  expansion- 
line,  and  the  back  pressure ;  also,  by  a  comparison  of  the  volume  of 
sensible  steam  which  is  found  to  pass  through  the  cylinder,  with 
the  volume  of  water  found  by  measurement  to  be  consumed  from 
the  tender  and  the  boiler.  The  evidence  of  the  expansion-line  of 
the  indicator-diagram  will  be  first  considered,  both  for  well-pro- 
tected and  partially-protected  cylinders. 

Of  the  Evidence  of  the  Expansion-line  of  the  Indicator-diagram. — 
By  Regnault's  experiments  it  is  proved  that  the  total  heat  of  satura- 
ted steam  increases  slightly  with  the  pressure,  at  such  a  rate  that 
for  atmospheric  steam  it  is  11 70**  Fahr.,  and  for  100  lbs.  of  steam 
it  is  1 2 17**,  or  38*  more.  This  difference  is  of  little  importance, 
except  as  it  shows  that  when  steam  of  higher  pressure  is  expanded 
and  falls  to  a  lower  pressure,  it  becomes  slightly  surcharged  with 
heat  as  it  expands,  assuming  that  it  does  not  part  with  any  of  its 
heat,  and  that  there  is  at  least  no  necessary  condensation  of  steam 
during  expansion,  and  that  in  fact  there  cannot  be  any,  except  what 
arises  from  the  abstraction  of  the  heat  of  the  steam  by  external 
causes. 
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If  water  be  present  with  the  steam  in  the  cylinder  during  expan- 
sion, as  there  commonly  is,  the  heat  of  surcharge  would  conrert  a 
part  of  this  water  into  steam.  If  100  lbs.  steam  be  expanded  down 
to  20  or  30  lbs.,  the  accession  of  steam  in  this  way  would  be  about 
^^  of  what  is  originally  admitted ;  although  the  difference  is  so 
small,  even  for  so  prolonged  an  expansion,  as  not  to  require  further 
consideration  in  the  present  inquiry. 

The  slow  diagrams  from  No   13  Caledonian  Railway  Engine. 
Fig.  1,  Plate  61,  supply  examples  of  the  results  of  condensation, 
and  its  influence  in  modifying  the  expansion-line.      If  the  steam 
which  is  cut  off  be  permitted  to  expand  in  the  cylinder  without  any 
abstraction  of  its  own  heat,  there  can  be  no  alteration  of  the  whole 
quantity  or  mass  of  steam,  whatever  the  change  of  volume  may  be  ; 
and  the  quantity  of  steam  virtually  saturated,  indicated  at  the  end 
of  the  expansion,  or  at  any  intermediate  stage,  should  be  found  the 
same  as  at  the  commencement.      If  it  be  either  greater  or  less, 
some  change  by  condensation  or  otherwise  must  have  taken  place 
in  the  condition  of  the  expanding  steam.     Referring  to  the  diagrams 
from  No.  13,  (for  which  the  points  of  distribution  of  the  steam  have 
already  been  given  in  the  first  paper) — if  the  whole  clearance  at 
the  end  of  the  cylinder,  including  the  port,  measured  by  1|  inches  of 
stroke,  be  added  to  the  volumes  of  the  steam  at  the  beginning  and 
end  of  the  expansion,  the  sums  so  found  will  be  measures  of  the 
total  initial  and  final  volumes  of  the  steam  expanded,  and  the  ratios 
of  these  volumes  for  each  notch  are  contained  in  the  Qnd  column  of 
table  No.  6,  following.     The  observed  initial  and  final  sensible 
pressures  are  added  in  columns  3  and  4.     Dividing,  in  each  case,  the 
total  volume  of  the  steam,  (equal  to  the  product  of  the  area  of  the 
piston  and  the  length  of  stroke  representing  the  volume)  by  the 
relative  volume   due  to  the  pressure,  the  quotient  is  the  water- 
equivalent,  or  the  volume  of  water  at  60*  from  which  the  steam  is 
formed.     The  initial  and  final  water- equivalents  for  each  notch  are 
entered  in  cols.  6  and  6,  and  their  differences  in  col.  7,  distin- 
guished as  positive  (+)  if  in  excess  of  the  initial  quantity,  and  as 
negative  ( — )  if  in  deficiency ;  the  8th  col.  contains  the  values  of 
these  differences   as    per-centages  of  the  initial  equivalents.    In 
col.  9  are  the  pressures  with  which  the  expansion  would  have  ter- 

Digitized  by  VjOOQ IC 


EXPANSIVE  WORKING  OF  STEAM  IN  LOCOMOTIVES. 


Ul 


minated,  had  the  initial  quantity  of  steam  in  each  case  been  pre^ 
served  intact  throughout  the  expansion  ;  these  pressures  are  found, 
in  each  case,  by  multiplying  the  relative  volume  of  steam,  of  the 
iBitial  pressure,  by  the  ratio  in  col.  2,  which  gives  the  relative 
volume  of  the  final  body  of  steam,  and  consequently  its  pressure. 
Col.  10  contains  the  differences  of  the  final  pressures  so  calculated, 
and  those  actually  observed,  col.  4. 

TABLE  No.  6.— (y  the  Expansion  and  WaUr-EquivalenU  of  Steam 
in  the  Cylinder  of  No.  13.  C.  R. 


No.  of 
Notch, 

Ratio  of 

Total  Initial 

and 

Final 

Volumes. 

Observed 
Pressnres. 

Water-Eqnivalente. 

Final 
Pressaredne 
to  an  equal 

Final 
Equivalent. 

Difference 
of  Final 
Pressures 
in  Cols. 
4  and  9. 

InitUl 

Final. 

IniHai 

Final. 

Difference  of 
Initial  and  Final. 

1 

2 
3 
4 

Batio. 

1  to  1-34 
1  to  1-58 
J  to  I  95 
1  to  266 

lbs. 

38 
41 

38 
39 

lbs. 

22 
19 
16 
13 

Cubic 
Ins. 

4-73 
8-99 
2-74 
1-68 

Cubic 
Ins. 

4-56 

401 

3-26 
2-29 

Cubic 
Ins. 

—•17 
+•02 
+•52 
+•71 

Per  Cent, 
of  Initial. 

+   i 
+  19 

+45 

lbs. 

23i 

19 

lOi 

4 

lbs. 

0 

-H 

—9 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

By  tracing  expansion-curves  on  the  diagrams  of  No.  13,  with 
the  final  pressures  in  col.  9,  and  otherwise  such  as  would  have 
been  described  with  a  constant  quantity  of  saturated  eteam  under 
expansion,  the  deviations  of  the  actual  curves  from  these,  as 
standards,  are  easily  shown.  For  No.  1  diagram,  Fig.  I,  Plate  61, 
the  new  dotted  cun'e  CD  lies  for  its  whole  length  above  the  actual, 
and  terminates  at  Ij-  lbs.  more.  For  No.  2,  the  curves  nearly 
coincide;  for  No.  3,  the  new  curve  proceeds  for  some  distance 
above  the  actual,  then  crosses  and  falls  lower  as  it  advances,  until 
it  ends  at  5 J-  lbs.  below  the  other ;  for  No.  4,  the  new  curve  AB  passes 
on  as  in  No.  3,  and  ends  at  9  lbs.  below  the  actual.  These  devia- 
tions  are  all  referable  to  one  cause — the  condensation  of  the  steam. 

In  No.  1 ,  the  cylinder  must  have  been  at  a  lower  temperature 
than  the  steam  during  the  admission,  and  some  condensation  must 
have  taken  place,  for  no  sooner  is  the  steam  cut  off*,  than  condensa- 
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tion  is  made  visible  by  the  sinking  of  ihe  expansion-cuive  below 
the  standard  throughout  Ihe  whole  of  its  length.  In  No.  Q,  also, 
this  takes  place  to  a  small  extent  for  Ihe  first  half  of  the  curve, 
when  the  temperatures  of  the  steam  and  the  material  of  the 
cylinder  become  equal ;  after  this,  as  the  pressure  continues  to 
fall,  and  the  temperature  of  the  steam  with  it,  the  curve  rises  and 
meets  the  standard  curve  at  the  end,  in  virtue  of  a  partial  re-evapo- 
.  ration  of  the  steam  previously  precipitated,  caused  by  the  cylinder 
itself,  which,  colder  than  the  steam,  and  heated  by  it  in  the  first 
stage  of  the  expansion,  is  now  relatively  hotter,  and  partially 
restores  the  heat  of  which  it  had  previously  robbed  the  steam. 

In  Nos.  8  and  4,  the  process  of  successive  condensation  and 
re-evaporation  is  still  more  distinctly  brought  out.  In  these  cases, 
the  greater  portion  of  the  heat  engaged  in  the  restoration  of  the 
steam  during  expansion  must  have  been  absorbed  by  the  cylinder, 
by  condensation  of  the  steam  during  admission.  A  reference  to 
cols.  7  and  8  shows  Ihe  magnitude  of  this  condensing  agency,  for 
under  the  drd  and  4th  notches,  the  observed  final  equivalents  are 
shown  to  exceed  the  initial  by  19  and  45  per  cent,  of  the  latter 
respectively;  which  proves  that,  in  the  two  cases,  at  least  10  and 
46  per  cent,  of  the  steam  admitted  must  have  been  condensed  during 
admisnon,  as  the  additional  steam  can  have  been  obtained  from  no 
other  source.  Although  the  actual  expansion-curves,  Nos.  8 
and  4,  indicate  much  higher  mean  pressures,  during  expansion,  than 
the  standard  curves,  and  may  so  far  be  viewed  as  superior  results, 
the  favourable  difference  is  only  a  partial  amends  for  the  much 
greater  loss  by  initial  condensation ;  and  an  expansion-curve  may 
be  constructed  backwards,  in  terms  of  the  indicated  mass  of  steam 
at  the  end  of  the  expansion,  to  show  from  what  initial  pressure  this 
mass  of  steam  could  have  expanded,  had  there  been  no  condensa- 
tion. Take  No.  4,  for  example.  The  final  pressure  at  E  is  18  lbs., 
for  which  the  relative  volume  is  939,  and  the  ratio  of  the  initial  and 
final  total  volumes,  or  the  degree  of  expansion,  is  1  to  2*66  ;  then 
989  -r  2  66  =  863,  which  is  the  relative  volume  for  66Jlbs.  steam 
at  the  point  of  suppression.  Tracing  the  expansion-curve  EF  for  this 
pressure,  as  in  the  drawing,  for  which  any  number  of  intermediate 
points  may  be  found  in  the  same  way,  and  drawing  a  horizontal  ad- 
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misslon-liDo  FG  to  the  beginning  of  the  stroke,  the  extra  shaded  area 
so  enclosed  is  a  representation  of  the  real  loss  incurred  bj  initial 
condensation  of  steam :  and,  without  going  into  figures,  it  appeaxs 
nearly  as  much  again  as  the  area,  or  power,  actually  obtained. 

The  diagrams  just  discussed,  are,  of  course,  extreme  cases, 
which  might  occur  in  any  cylinder,  outside  or  inside ;  and  they 
have  been  selected  simply  for  purposes  of  illustration.  They  have 
served  to  show  in  what  way  the  expansion-curves  of  indicator 
diagrams  may  be  turned  to  account  in  developing  the  condition  of 
the  steam.  Our  business  is  now  to  find  to  what  extent,  in  the  or- 
dinary working  of  locomotives,  the  condition  of  the  steam  is 
affected  by  the  circumstances  of  the  cylinder. 

It  so  happens,  though  not  necessarily  so,  Ihat  inside  cylinders 
are  in  general  better  protected  than  outside  cylinders.  The  former 
are  more  completely  within  the  smoke-box,  and  are  more  closely  in 
contact  with  the  smoke,  and  derive  more  benefit  from  its  heat, 
than  the  latter;  though,  of  course,  there  are  many  examples  of 
inside  cylinders  being,  for  mechanical  reasons,  completely  excluded 
from  the  smoke-box,  and  having  no  other  advantage  over  outsides 
than  that  they  are  less  exposed  to  atmospheric  draughts.  The  dis- 
tinction of  outside  and  inside,  occasionally  employed  in  this  paper, 
must  be  understood  to  refer,  not  to  constructive  arrangements,  but 
to  the  incidental  conditions  of  exposure  and  protection. 

The  stress  of  the  argument  will  be  derived  chiefly  from  the 
results  obtained  from  the  well-protected  cylinders  of  the  '*  Great 
Britain,**  Great  Western  Railway,  on  the  one  hand,  and  the  par- 
tially-protected cylinders  of  the  Caledonian  Railway  passenger  and 
goods  engines,  on  the  other,  of  which  the  passenger  class,  derived 
originally  from  the  Crewe  pattern,  represent  a  widely-ramified 
species  of  outside-cylinder  locomotive.  Fig.  6,  Plate  60,  shows 
crosa  sections  of  the  cylinders  and  smoke-boxes  of  the  three  classes 
of  engines  now  referred  to,  in  which  it  is  apparent  that  the  inside 
cylinder  is  the  best  protected. 

The  first  point  is  to  show,  by  the  expansion-line,  that  in  well- 
protected  cylinders  the  steam  is  not  subject  to  condensation.  Re- 
furring   to    the   twenty-six    indicator-diagrams    from  the  *'  Great 
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Britam,**  of  which  specimens  were  given  in  the  last  paper,  tfa« 
following  table,  No.  7,  contains,  in  coL  1,  the  initial  and  fii^ 
Yolames  of  the  steam  expanded,  clearance  included,  measored  ia 
inches  of  the  stroke ;  in  cols.  3  and  4,  the  obsenred  initial  and 
final  pressures;  in  cols.  6  and  6,  the  initial  and  final  wal^- 
equivalents  of  the  expanded  steam,  deduced  in  terms  of  the  capa- 
city of  Ihe  cylinder,  and  the  relative  volumes  of  steam  due  to  the 
pressures ;  col.  7  contains  the  differences  of  these  equivalents.  At 
the  foot  of  the  table  are  added  the  means  for  each  notdi. 

It  appears  that  for  each  notch  the  influence  of  speed  on  the 
relation  of  the  initial  and  final  water-equivalents  of  the  steam  ex- 
panded   is    nearly  inappreciable.     Dealing,  therefore,  with    the 
means,  it  appears  that  the  mean  differences,  col.  7,  constitnte, — 
For  the  1st  notch,  3  per  cent  of  the  initial  equivalent 
„       8rd      „      5J^  «  „  „ 

„      oin     „      «<^         „  „  ,» 

These  pcr-eentages  are  practically  nothing,  and  the  virtual  con- 
stancy of  the  mass  of  expanding  steam  during  expansion,  thereby 
proved,  shows  that  for  the  greatest  observed  degrees  of  expansion 
in  the  cylinder  of  the  "  Great  Britain,"  no  change  in  the  condition 
of  the  steam  is  observable,  and  that  there  is>  consequently,  no  eon- 
densation  at  all. 

Experiments  made  by  the  writer  on  some  of  the  engines  of  the 
Edinburgh  and  Glasgow  Bailway,  with  inside  cylinders,  lead  to  the 
same  conclusion. 

Of  the  numerous  diagrams  obtained  from  the  outsida-cjlinder 
engines  of  the  Caledonian  Railway,  seventy-six  were  selected  by  the 
writer  as  average  samples  of  diagrams  obtained  by  him  during  the 
regular  woA  of  the  engines.  These  have  been  analysed  in  the  way 
adopted  for  those  of  the  '^  Great  Britain,"  and  the  mean  results  for 
estch  engine  are  tabulated  below,  ranging  from  9  per  cent  deficiency, 
to  as  much  as  G7  per  cent,  excess  at  the  greatest  expansion.  Spe- 
cimens of  the  diagrams  from  No.  42,  Fassenger-engine,  aud  from 
No  125,  Goods-engine,  are  given  in  Fig.  2,  Plate  61.  These 
diagram^  were  taken  by  McNaught*s  indicator,  and  the  dotted 
lines  show  the  actual  curves  which  are  affected  by  the  oscillation, 
to  which  that  indicator  ie  subject  at  high  velocitiea.     Theaiean 
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TABLE  No.  7.— Qf  tAtf  Eaipaimon  and  Water^EquivaUnts  of  Staam 
in  the  Cylinder  of  the  "  Great  Britain.**     . 


Initial  and  Final  Volumes 

by  Expansion,  In  Inches  of 

the  Stroke, 

clearance  included. 

Ko.of 
Dia- 
gram. 

Observed 

Pressures  dniinf 

Expansion. 

■ n 

Equiralentft  of  Water. 

Initial. 

FinaL 

Initial. 

Fbial. 

Difference. 

Iba. 

Ibe. 

Cub.  Ins. 

Cub.  Ins. 

Cnb.  Ins. 

1 

70 

50 

18-32 

1337 

+006 

FIRST  NOTCH. 

2 
3 

88 
94 

65 
65 

15-89 
16-71 

16-16 
16-16 

+0-27 
—0-55 

Cutting  off  17-8  Ins. 

4 

84 

67 

15-30 

14-65 

—0-65 

Exhaust .  .   22-8     „ 

5 
6 

74 

86 

49 
55 

13-89 
15-62 

13-19 
14-29 

—0-70 
—1-33 

Expansion  1  to  1*3 

7 
8 

80 
52 

66 
34 

14-76 
10-73 

14-47 
10-32 

—0-29 
—0-41 

9 

86 

60 

15-62 

15-23 

—0-39 

« 

10 

87 

43 

12-19 

11-84 

—0-35 

THIKD  NOTCH. 

11 
12 

70 
90 

37 

48 

10-33 
12-50 

9-95 
11-84 

0-38 
—0-66 

Catting  off  1^-8  Ins. 
Exhaust .  .    20-8     „ 

13 
14 
15 

72 
75 
79 

38 

38 
38 

1065 
10-87 
11-33 

10-12 
10-12 
10-12 

-0-43 
—0  75 
—1-21 

Expansion  1  to  1-5 

16 
17 

65 
55 

33 

28 

978 
8-65 

9-24 
8-36 

—0-64 
—0-30 

18 

72 

37 

33 
24 

10-54 

9-95 

—0-59 

FIFTH  NOTCH. 

19 
20 

89 
70 

7-90 
6-59 

8-30 
6-90 

+0-40 
+0-37 

Cutting  off     8-8  Ins. 

21 
22 

93 

74 

33 
21 

8-20 
6-87 

8-35 
6-42 

+0-15 
—0-45 

Exhaust .  .    18  8     „ 

23 
24 

80 
63 

22 
17 

7-29 
6-08 

6-58 
6-76 

—0-71 
—0-32 

Expansion  1  to  2*14 

25 
26 

55 
65 

15 
16 

6-62 
6-24 

5-43 
6-60 

—009 
—0-64 

Mean  of  1st  Notch 

79 
74 

74 

64-60 
38-40 
26-25 

14-65 

10-76 

6-83 

14-21 

10-17 

6-67 

—0-44 
—0-58 
—0-16 

3rd    

••       6th     ..       

1 

2 

3 

4 

6 

6 

7 
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lines  have  been  drawn  on  the  diagrams  on  the  principle  which  the 
writer  has  satisfied  himself  applies  in  the  particular  case  of  the 
indicator} — that  action  and  reaction  are  equal,  and  that  therefore 
the  mean  line,  or  radical  form,  ought  to  enclose  the  same  collective 
area  of  diagram  as  the  fluctuations  in  the  hnes  actually  described, 
due  partially  to  momentum,  cutting  off  at  one  place  as  much  as  it 
encloses  at  another. 

From  this  it  appears  that  for  the  greater  ratios  of  expansion, 
the  final  equivalent  of  the  steam  is  much  above  the  initial,  and  the 
greater  the  ratio  the  greater  is  the  percentage  of  this  excess, 
amounting  to  67  per  cent.,  with  an  expansion  of  3^  times.  This 
relation  is  just  what  was  found  for  the  slow  diagrams  from  No.  Id, 
and  there  is  no  doubt  the  excess  of  steam,  at  the  termination  of  the 
expansion,  is  due  to  the  same  cause,  namely, — the  condensation  of 
the  steam  in  the  cylinder  during  admission,  and  during  the  first 
part  of  the  expansion,  and  the  subsequent  re-evaporation  of  a  por- 
tion of  the  precipitated  steam.  During  the  experiments  there  was 
at  all  times  ocular  demonstration  of  the  existence  of  water  in  the 
cylinder,  in  the  spray  which  escaped  from  it  through  the  indicator, 
and  which  vm  given  off  more  abundantly  tlie  more  expansively  the  steam 
u<u  worked. 

To  find  the  general  rate  at  which  the  per-centage  of  condensation 
increases  in  these  engines  with  the  degree  of  expansion,  the  results 
obtained  above  may  be  referred,  as  ordinates,  to  a  base-line  repre* 
senting  the  ratios  of  expansion.  Let  AB,  Fig.  4,  Plate  62,  be  a 
base-line  divided  to  represent  the  total  volumes  by  expansion  in 
terms  of  tlie  initial  volumes ;  and  from  B  draw  the  vertical  scale  to 
measure  the  relative  per-centages  of  condensation.  From  A  set 
off  on  tlie  base  line  the  ratios  of  expansion,  and  for  each  ratio  set 
off  perpendicular  distances  by  the  vertical  scale,  equal  to  the 
respective  per-centages  of  the  differences  of  water-equivalents,  col.  13, 
and  define  their  extremities  by  points,  setting  off  minus  per- 
centages below  the  line,  and  plus  per-centages  above.  The  mean 
line  CD,  drawn  through  these  points,  is  straight,  and  represents  the 
mean  rate  at  which  the  indicated  condensation  increases  with  the 
degree  of  expansion.  It  is  found  to  meet  the  vertical  from  division 
1,  at  20  per  cent  below,  crosses  the  base-line  at  a  volume  of  1*53, 
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and  terminates  at  E,  the  point  due  to  an  expanded  volume  of  3-4, 
and  to  a  percentage  of  70,  and  would,  if  produced,  meet  the  vertical 
from  B,  at  92J.  per  cent.  The  straightuess  of  the  line  implies 
that  the  indicated  per-centage  of  condensation  increases  unifomilj 
witli  the  relative  Tolume  by  expansion.  For  an  expansion  of  1-53 
times,  the  per-centage  of  condensation,  or  indicated  difference  o! 
equivalents,  is  notliing ;  and,  generally,  for  expansions  advancing 
by  half-volumes,  the  per-centages  ai'e  as  follows : — 


thelnii 


itialY< 


I  Yolnmes, 
me  being  s  1. 

Indicated  Per-centngM 
01  CoDdensation. 

1-5 

-H 

1-53 

0 

2 

25 
8          ' 

17* 

86* 
55 

3-6 
4 

78} 
9S* 

For  every  half-volume  of  expansion  there  is  an  increase  of  I8| 
per  cent,  of  indicated  condensation,  and  this  becomes  so  serious, 
that  for  an  expansion  of  four  times,  if  this  were  practicable  with 
ordinary  valves  and  link-motions,  tbere  would  be  92  j-  per  cent,  of 
loss  by  condensation,  or  a  loss  of  neai*]y  one  half  of  the  total  quan- 
tity of  steam  admitted. 

For  ready  reference  it  is  expedient  to  find  the  relative  expansion 
and  indicated  condensation  for  different  periods  of  admission, 
yielded  by  ordinary  link-motions.  The  following  table.  No.  9, 
contains  in  col.  2  the  total  expanded  volumes  due  by  the  nature  of 
link-motion  to  the  several  periods  of  admission  in  col.  1,  and  col.  3 
contains  the  relative  indicated  per*centages  of  condensation  due  to 
these  expansions,  measured  from  the  diagram. 

Though  the  losses  shown  in  tlie  drd  column  are  great, 
the  real  losses  must  be  still  greater;  because  the  restoration 
of  condensed  steam,  by  which  the  losses  have  been  measured, 
cannot  be  entire.  The  indications,  indeed,  fail  to  show  any 
loss  at  all,  at  50  per  cent.,  as  the  re-evaporation  balances  the 
condensation    during    expaosioD.      For    75    per   cent,   the   le* 
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TABLE  No.  9. — Of  t/U  Indicated  Condensation  of  Steam  in  Outside 
Cylinders^  during  the  Admission  of  tJie  Steam. 


Period  of  Artmiiu 

slon,  in  ports  of 

the  Stroke. 

Total  Tolume  by 

KxtMnnion, 

the  Initial  Volume 

being  =c  1. 

Indicated 
Condenrntion,  in 

pans  of  the 

Inuicntfd  Steam 

cutoff. 

Approximate  Proportion  of 
bteam  Condensed. 

In  parts  of  the 
INDICATED 

In  parts  of  the 
WHOLE  Steam 

consumed, 

(includinfr  the 

Condensed  Steam.) 

Percent. 
75 
60 
60 

40 
80 
20 
12 

Batio. 

1-22 
1-40 
1-54 
1-78 
207 
2*45 
817 

Per.  Ctat. 

—  120 

—  5-2 
0-0 
9-4 

19-9 
341 
611 

Per  Cent. 
12 
12 
12 
2] 

32 
40 
73 

PcrCenu 
11 
11 
11 
17 
24 

82 
42 

1 

2 

3 

4 

5 

ovaporation  (if  any)  is  so  slight  as  to  leave  a  deficit  of  12  per 
cent,  by  condensation,  during  expansion,  compared  with  what  was 
indicated  as  cut  off.  Now,  the  whole  tenor  of  the  evidence  shows, 
plainly,  that  the  degree  of  condensation  increases  as  the  admission 
is  shortened ;  and  it  may  be  safely  inferred  that  as  12  per  cent  is 
shown  to  be  lost  in  full  gear,  there  is,  at  least,  12  per  cent,  of  loss 
for  50  per  cent  of  admission,  cutting  off  at  half-stroke.  An 
appro3umate  loss  of  12  per  cent  will,  on  this  ground,  be  adopted  for 
all  admissions  greater  than  half-stroke;  and  12  per  cent  will  also 
be  added  to  the  indicated  losses  for  shorter  admissions,  as  an 
approximation  to  the  real  conditions. 

The  most  direct  test  of  the  amount  of  loss  from  condensation  of 
the  steam  during  expansion,  appeal's  to  be  the  mode  ado|)ted  above, 
of  comparing  the  water-equivalents,  or  the  actual  weights  of  the 
steam  present  in  the  cylinder,  at  the  beginning  and  at  the  end  of 
the  expansion. 

An  exact  conclusion  as  to  the  amount  of  condensation  during  ex^ 
pauaion  cannot  be  obtained  from  the  loss  of  area  in  the  indicator 
<liAgrani.     The  dotted  line  EFG  added  in  Fig.  1 ,  is  not  the  curve  that 
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voald  actuallj  have  been  descnbed  bad  there  been  no  eanden$atum, 
but  such  as  might  have  been  described  by  the  quantit)'  of  steam 
which  the  final  pressure,  during  expansion,  proves  to  have  been 
admitted.  The  loss,  by  condensation,  could  not  have  been  leu  than 
shown  by  the  shaded  area,  but  was  ceitatnly  greater  in  amount,  for  it 
appears  that  a  portion  of  the  steam  admitted,  and  sometimes  a 
considerable  amount  of  it,  is  buried  for  ever,  and  is  not  resuscitated 
at  all  at  the  end  of  the  expansion.  This  is  proved  by  the  great 
increase  of  back  pressure  that  takes  place  when  a  high  degree  oi 
expansion  is  used,  from  the  lower  temperature  of  the  cylinder,  as 
illustrated  by  the  diagrams  in  Fig.  0,  which  must  have  been  caused 
by  the  quantity  of  precipitated  steam  still  remaining  in  the  cylinder 
after  Expansion. 

Col.  4  contains  the  approximate  losses  as  revised  in  the  way 
above  described,  in  parts  of  the  indicate  steam  admitted.  Adding 
the  lost  steam  admitted  to  that  indicated,  the  sum  expresses  the  whoU 
steam  admitted  and  expended ;  and  col.  5  contains  the  per-cent^e 
of  approximate  loss,  expressed  in  terms  of  the  wholo  steam  so  used, 
which  is  a  more  convenient  form  for  reference.  From  this  column 
it  appears  that  for  40  per  cent,  admission,  17  per  cent.,  or  one- 
sixth  of  the  steam,  is  condensed ;  for  30  per  cent.,  one-fourth ;  for 
SO  per  cent,  one-tliird;  and  for  lU  per  cent.,  or  mid  gear,  two- 
fifths,  or  not  far  from  one-half. 

It  must  be  added  that  the  foregoing  deductions  arc  based  on 
steam-pressures  under  60  lbs.,  generally  about  60  lbs.  during 
admission.  For  higher  pressures,  and  admissions  above  half- 
stroke,  the  condensation  is  proportionally  less,  as  will  afterwards 
be  shown. 


Proof  of  the  condensation  of  sUam  in  outside  cylinders,  by  eompariaon 
of  the  indicated  consumption  of  steam  unth  the  msasured  consumption  of 
water. — Arguments  for  condensation  based  upon  the  measured  con- 
sumption of  water  must  be  received  with  caution,  because  in  some 
cases  an  excess  of  water  passes  off  as  "  priming,"  without  ever  being 
evaporated  at  all.  In  the  following  discussion,  care  will  be  taken  t» 
avoid  this  source  of  error. 
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TABLE  No.  10,'--Ahstract  of  the  working  of  the  Paseenger  Engine 

No.  42)  C.E.,  with  Express  Train^  August,  1860. 

Cylinder  15  x  20  inches.  Wheel  6feeti 


BUOabB, 

IToteb  wider  whiidi 

ItileiTimimdartMh 

A*«r*geliidintod 

tnuaxm 

•t  Cattlng.<«,  imder 

Mob  Notch. 

IntcrawdUte  Distaoees,  and 

wolrked. 

Kotdi,  vithitotm 

(1-) 

No. 

Miles. 

Um. 

Glasgow  to  Mother- 

2 

i 

47 

well,    16    miles, 

4 

H 

86 

steam  on,  30  min. 

»» 

6* 

60 

Average  admission 

>t 

8 

78 

45   per  cent  of 

14| 

stroke. 

(2.) 
Motherwell  to  Car- 

8 

10 

60 

stairs,  1 5  j^  miles. 

>> 

2i 

38 

steam    on,    29^ 

4 

2 

60 

min. 

Average  admission 

14i 

54  per  cent. 

(3.) 
Garstairs  to  Beat- 

8 

»* 

60 

tock,    34  miles, 

4 

11 

60 

ste^m    on,    38^ 

>i 

8 

68 

min. 

Average  admission 

S3^ 

50  per  cent. 

■— • 

a 

8 

60 

8 

60 

(^.) 

4 

11 

80 
88 

Beattock  to  Carlisle, 

laf 

39|-  miles,  steam 

ft 

a 

60 

on,  56^  min. 

If 

i* 

83 
62 
80 

Average  admission 
40  per  cent. 

ft 

5 

if 

88} 

66 
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For  the  purpose  of  testing  this  comparisoD,  the  following 
experiment  was  tried  by  the  author  on  the  actual  consumptioD  of 
water  by  an  outside-cy Under  express  engine.  No.  4'^,  for  a  trip 
of  105  miles,  from  Glasgow  to  Carlisle,  on  the  Caledonian  Bail- 
way,  with  a  train  averaging  6^  carriages ;  the  time  of  the  trip  being 
8  hours  22  minutes,  including  five  stoppages. 

Indicator-diagrams  were  taken  from  the  cylinder  at  intervals  of  one 
or  two  miles,  and  the  notch  of  the  expansion  gear  observed  for  each 
diagram,  and  the  points  of  the  line  where  each  change  of  notch  was 
made.     The  results  are  shown  in  the  accompanying  Table,  No.  10. 

The  several  points  of  cutting  off,  expansion,  and  compression 
were  accurately  ascertained  by  means  of  the  slow  diagrams ;  irom 
which  were  calculated  the  exact  quantities  and  pressures  of  sensible 
steam  actually  consumed  in  each  interval  of  the  trip,  and  the  water- 
equivalents  for  the  several  quantities  of  steam  present  in  the 
cylinder ;  which,  multiplied  by  the  number  of  strokes  of  the  two 
cy lindens  in  each  interval,  gives  the  total  quantity  of  water  efficiently 
used  as  steam. 

The  following  final  results  were  thus  obtained : — 


1 

3 
4 

Water  used  as 
Sensible  Steam. 

Water 

Consomedaa 

Measured. 

Ezoeos. 

Glasgow  to  ) 

Motherwell 
Motherwell 

toCarstairs 
Carstairs    to 

Beattock 
Beattock    to 

Carlisle 

30-76  ft. 
43-91  „ 
67'28  „ 
62-42  „ 

35-82  ft. 
48'85  ,. 
67-74  „ 
79-50  „ 

506  ft.,  or  14  per  cent. 

4-94  „  or  10  ^  do. 
10-46  „  or  16i  do. 
1706  „    or 214     do. 

Total. 

Glasgow  to 

Carlisle 

194  87  ft. 

2IU  91  ft. 

37-54  ft,  or  161  percent 

The  examination  of  the  indicator-diagrams  in  the  manner  ent 
ployed  before,  by  compaiing  the  initial  and  final  water-equivalents 
of  the  steam  during  expansion,  shows  that  at  least  13  per  cent  ol 
this  loss  of  16^  per  cent,  was  due  to  condensation,  and  it  is  probable 
that  no  appreciable  proportion  was  due  to  priming;  indeed  the  lea$t 
loss  was  observed  to  take  place  with  the  least  degree  of  expansion. 
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and  yrhen  the  consumption  of  steam  from  the  boiler  is  going  on  at 
the  greatest  rcUe^  as  we  find  on  referring  to  tlie  per-centages  of  ad- 
mission in  the  first  colomn  of  Table  1 0 ;  which  is  the  reverse  of 
the  effect  that  would  be  observed  if  priming  were  a  material  cause. 

Experiments  made  by  the  writer  with  other  outsi de-cylinder 
engines,  or  imperfectly-protected  cylinders,  corroborate  the  above  de- 
ductions obtained  from  the  performance  of  No.  4S ;  and  they  are 
still  furtlier  corroborated  by  his  experiments  on  inside  vM-jroteclel 
cylinders,  which  show  that  in  ordinary  good  condition  there  is  no 
sensible  excess  of  water  of  any  importance,  actually  consumed  from 
the  boiler,  above  what  is  estimated  from  the  indicated  steam  passed 
through  the  cylinder.  These  results  ai*e  also  confirmed  by  the 
results  of  the  trials  of  Mr.  D.  Gooch,  with  the  "  Great  Britain" 
and  similar  engines. 

The  increased  hack  pressure  of  exhaust  affords  additional  evidence 
of  the  presence  of  water  in  the  cylinder.  The  back  exhaust  pres- 
sure is  the  consequence  of  the  want  of  facilities  for  the  timely 
discharge  of  the  exhaust  steam  from  the  cylinder;  and  the  impedi- 
ments to  its  discharge  are  much  increased  by  the  presence  of  water 
amongst  the  steam,  whether  due  to  condensation  or  to  priming. 
The  presence  of  water  is  immediately  made  apparent  by  the  increase 
in  the  back  exhaust  pressure,  shown  by  the  indicH tor-diagram,  as  the 
writer  has  on  many  occasions  had  an  opportunity  of  obser\ing. 
The  effects  of  priming  from  foulness  of  the  water  in  tlie  boiler  are 
shown  in  Fig.  3,  Plate  6jJ  :  A  and  B  are  indicator-diagrams  taken 
from  the  well-protected  cylinders  of  the  **  Orion,"  in  which  very 
little,  if  any  condensation  could  be  detected.  The  diagram  A  was 
taken  before^  and  the  diagram  B  after  the  boiler  was  blown  off  and 
supplied  with  clear  water,  both  being  taken  at  the  same  speed,  and 
showing  7  lbs.  back  pressure  caused  by  priming  in  the  former  case. 

The  diagrams  0  and  D,  Fig.  3,  Plate  6-2,  show  that  the  total 
quantity  of  water  from  condensation  is  considerably  greater,  with  the 
greater  degrees  of  expansion,  where  a  smaller  quantity  of  steam  is 
admitted,  and  consequently  the  loss  is  more  seriously  felt.  These 
diagrams  were  taken  from  the  outside-cylinder  goods  engine 
No.  127,  working  at  the  same  speed  up  and  down  an  incline  on  the 
Caledonian  Railway;  the  diagram  C  cutting  off  at  two-thirds  the 
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one^ftnulli  of  the  quuitity  of  steom  to  disdiai^e,  wm  •^gft^*^^  viiii 
1OU>0,  more  beds  pressore  than  the  brmer^  €,  iriben  wiAiug  is 
fill!  gear.  This  greet  bedc  preseure  v«s  mMiitehied  oier  m  oob- 
tintied  ran  of  twenty  miles,  when  of  eoane  the  eylinden  had  goc 
into  their  woiksng  heat  for  that  define  of  eipansioii ;  and  the 
inferenee  ia  that  the  steam  waa  loaded  vith  water  of  eoBdeaaaoaB. 
(prored  also  bj  the  espaasioii-eiirTe«)  whidi  waa  with  dJUkohy  ex- 
pelledf  and  whieh  only  beeame  proportionaMj  leaa  when  the  i 
of  expanaion  waa  dtminished ;  and,  eo&aeqaentlj,  the  maaa  of  i 
inereaaed  that  waa  to  be  cooled  within  the  tame  soperiicieB  of 
ejlinder. 

That  the  ioUUnumafthsitsamlum  much  to  do  with  the  eoodeB- 
aation  is  proved  by  the  diagrsma  E  and  F,  Fig.  3,  Plate  62.  taken 
under  the  same  degree  of  expanaion,  and  at  the  same  ^>eed«  boi 
with  75  and  201bs.  steam  respectively  admitted  to  the  cylinder. 
In  tlie  Utter  diagram,  F,  the  back  exhaust  pressure  is  Tlba.  greater 
than  in  the  former  diagram,  E,  although  the  total  quantity  of  afeeam 
to  be  discharged  was  so  much  less  In  the  latter  ease,  indeed, 
there  was  found  to  be  an  excess  of  18  per  cent  of  the  wh<^  water 
used  over  the  indicated  steam  expended,  which  was  most  piobabiy 
altogether  by  condensation,  as  the  rate  of  consumption  was  so 
moderate  as  to  preclude  any  likelihood  of  priming. 

Now  here  is  a  case  where,  in  the  same  class  of  engines,  the  back 
exhaust  pressure  inereaui  as  the  quantity  of  steam  to  be  discharged 
bicamei  leu,  notwithstanding  that  the  facility  for  exhaust  increases 
at  the  same  time.  This  is  deariy  a  case  of  water  in  the  ^linder, 
the  quantity  of  which  increases  with  the  degree  of  expansion;  and 
iX\e  water  is  as  dearly  a  precipitation  of  steam  by  condensation. 
Also,  tliough  a  full  admission  of  steam  at  higher  pressures  may  rs- 
duce  the  proportion  of  condensation,  yet  whenever  expansive 
working  is  attempted  by  cutting  off  earlier,  the  heavy  back  pressure 
and  the  course  of  the  expansion-line  alike  show  that  no  pressure 
of  steam,  however  high  during  the  admission,  can  mitigate  the  evils 
of  condensation  in  exposed  cylinders. 

Pv'tdmee  from  the  proportione  of  the  vahe-gear.-^ThB  remarkable 
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isversion,   just  discnssecl,   of  our  ordinaiy  experience  with  weU« 
protected  cylinders,  whereby  the  back  pressure  rises  with  the  degree 
of  expansion,  leads  to  the  necessity  for  more  liberal  proportions  of 
valye-gear  for  outside  cylinders,  to  afford  a  more  free  exhaust.    The 
writer  has  invariably  found  that  of  the  three  fixed  elements  affect* 
ing  the  exhaust,  namely,  the  sectional  area  of  steam-port,  the  inside 
lead,  and  the  area  of  blast-orifice,  (so  long  as  the  port  is  larger 
than  the  orifice,)  it  is  the  orifice  alone  which  in  well-protected 
cylinders  rules  the  amount  of  exhaust  back  pressure ;  the  wider  the 
orifice  the  less  the  pressure,  in  the  raUo  of  the  4th  power  of  the 
diameter  of  the  orifice,  or  the  square  of  the  area;  whereas,  in  ex* 
posed  cylinders,  the  back  pressure  is  ruled  both  by  the  orifice  and 
by  the  inside  lead ;  the  greater  the  orifice,  and  ths  greater  the  innde 
lead  aiao,  the  less  is  the  pressure.     This  is  an  important  distinction, 
because  it  shows  that,  as  inside  lead  is  equal  to  the  sum  of  the  lap 
and  the  outside  lead,  and  is,  in  fact,  regulated  by  the  lap,  the  lap  of 
the  ralve  is  a  reiy  important  element  in  the  designing  of  outside 
cylinders,  though  practically  a  matter  of  indifference  in  insides. 
Accordingly,  it  has  been  found  that  in   Sharp's  inside-cylinder 
engines,  on  the  Edinburgh  and  Glasgow  Bailway,  which  have  only 
a  f  th*ineh  lap, — ^probably  the  shortest  lap  in  present  practice  for  a 
15-inch  cylinder, — ^the  exhaust  is  as  perfect  as  in  the  Caledonian 
passenger-engines  with  1  i-inch  lap  for  the  same  cylinder.    Further, 
in  inside  cylinders  with  clean  boilers,  it  is  practically  a  matter  of 
indifference  what  amount  of  wear  or  slugger  may  have  taken  place 
in  the  valve-gear,  so  far  as  concerns  the  exhaust :    in  outsides,  on 
the  contrary,  it  is  a  very  important  object  to  maintain  the  gearing 
in  the  highest  order,  so  as  to  keep  up  the  inside  lead,  as  the  wear  of 
the  gearing  directly  reduces  the  lead,  and  thereby  increases  the 
back  pressure.     The  Caledonian  is  perhaps  the  first  line  in  this 
country  on  which  the  special  advantage  of  long  lap  for  outside 
cylinders  was  experienced.     Nor  need  there  be  any  apprehension  of 
reducing  the  tractive  power  of  an  engine  by  increasing  the  lap,  and 
thereby  shortening  the  period  of  admission,  because  the  same  ad- 
mission may  be  obtained  by  increasing  the  lead  and  the  travel  of 
▼alve  in  the  same  ratio  with  the  lap  ;  and,  it  may  be  added,  this 
Asy  be  simply  done  in  existing  link-motions,  by  extending  the  link 
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beyond  the  eceentrio-rod  ends,  and  thereby  increasing  the  zange  of 
the  sliding  blocks,  and  the  maximum  travel. 

The  formidable  degree  of  condensation  which  accompanies  hi^ 
expansion  in  partially-protected  cylinders,  accounts  for  the  opLnioiL 
held  by  men  of  experience  of  the  inutility,  for  economical  objects, 
of  cutting  off  tlie  steam  earlier  than  at  half-stroke,  for  the  proT«d 
advantage  of  expansive  working  in  inside  cylinders  is  neutralised 
in  outsides  by  the  condensation.  Mr.  Buddicom,  of  the  Booeii 
Railway,  led  the  way  in  the  re-introduction  of  outside  cylinders  is 
this  country;  and  to  this  day,  he/ and  some  of  his  followers,  hsTe 
adhered  to  the  fixed  gab-motion. 

Conditions  on  which  the  expanswe  working  of  sUant   m  locomoiistt 
may  be  carri^  out  with  efficiency  and  tttcctfn.*— The  first   condition  is 
to  perfectly  protect  the  cylinders,  and  to  maintain  them  at  a  t^»^ 
peraiure  at  least  as  high  as  that  of  the  steam  admitled  to  them.     Simple 
nonconducting  envelopes  are  not  sufficient ;    external    supplies  of 
heat  must  be  employed,  and  the  application  of  a  steam-jacket  to 
the  cylinder  would  be  advantageous,  when  other  sources  of  heal 
are  not  readily  available.     The  writer  tried  an  experiment  with  the 
"  Orion,"  Edinburgh  and  Glasgow  Railway,  which  has  its  cylinders 
suspended    in    the   smoke  box,   like   tlie    "Great    Britain^s,"   in 
which,  by  the  use  of  partitions,  the  hot  air  from  the  tubes  wti 
directed  entirely  round  the  cylinders,  previously  to  its  emerging  by 
the  chimney ;  but  he  could  not  detect  the  slightest  change  in  tfaa 
performance  of  the  engine,  probably  because  the  hot  air  was  really 
very  little  hotter  than  the  steam,  and  the  closer  contact  made  no 
difference.     For  cylinders  already  well  protected,  more  thorough 
modifications  would  be  required  to  make  a  sensible  improveoieot 
The  steam  should  also  be  surchai*ged,  previously  to  entering  the 
cylinder,  by  passing  over  an  extensive  heating  surface,  deriving  its 
heat  from  the  atmosphere  of  the  smoke-box,  or,  if  necessary,  firom 
a  hotter  source. 

The  writer  has  lately  been  favoured  with  the  results  of  experi- 
ments made  by  Mr.  W.  C.  Hare,  of  Stonehouse,  Devon,  on  a  small 
engine,  with  cylmder  3^  x  8  inch  stroke,  and  a  boiler  having  9  feet 
of  heating  surface.     Haemployed  a  special  coil  of  40  feet  of  half-inch 
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copper  tube,  having  5^  feet  of  inside  surface,  and  heated  by  a  cir- 
cular row  of  very  small  gas  jets.  A  small  cock  was  fixed  on  the  top 
of  the  boiler,  close  to  the  mouth  of  the  steam-pipe,  and  by  occa- 
sionally opening  it  when  the  engine  was  working,  any  priming,  or 
even  mere  dampness  of  tlie  steam,  could  be  detected  ;  and  thus  the 
experiments  could  be  conducted  with  the  assurance  that  the  results 
were  not  affected  by  priming.  When  the  steam  was  passed 
through  this  surcharging  pipe,  and  was  heated  to  400''  previously 
to  its  entering  the  cylinder,  the  consumption  of  water  from  the 
boiler  was  three  gallons  per  hour ;  and  when  the  communication 
with  the  surcharging  pipe  was  cut  off,  and  the  steam  led  directly  to 
the  cylinder,  the  water  used  amounted  to  six  gallons,  or  twice  the 
other,  while  doing  the  same  work,  and  involved  a  great  increase  of 
fuel  consumed.  To  effect  the  economy  here  noted,  from  which 
something  must  be  allowed  for  the  consumption  of  gas,  it  appears 
that  a  surcharging  surface  equal  to  fully  one-half  of  the  heating 
surface  has  been  necessary ;  and  it  is  probable  that  for  locomotives 
a  considerable  allowance  must  be  made  to  produce  a  very  decided 
change.  The  results  of  this  experiment  show  that  very  much  has 
yet  to  be  done  before  the  capabilities  of  the  locomotive  are  fully 
developed. 

As  steam  has  been  found  so  very  sensitive  to  exposure  on  the  one 
ha&d,  and  to  tureharging  on  the  other,  it  would  probably  be  of  ad- 
vantage to  lead  the  hot  smoke  round  the  barrd  of  the  boiler  and  the 
fireAHxe^  or  the  barrel  only,  pretjiously  to  its  discharge  by  tlie  chimney. 
The  barrel  only  would  probably  be  enough  to  tell  with  good  effect, 
and  the  hot  air  might  be  led  either  in  a  winding  flue  round  the 
boiler,  or,  what  would  be  better,  led  along  the  entire  lower  half 
towards  the  fire-box,  and  returned  along  the  entire  upper  half  to  the 
chimney.  If  aU  the  hot  air  were  found  too  much,  only  a  part  of  it 
might  be  diverted  by  partitions,  or  otherwise,  from  the  upper  or 
lower  tubes. 

The  second  condition  of  successful  expansive  working  in  loco- 
motives is  the  combination  of  a  sufficiently  high  boiler-pressure  of 
steam,  with  suitable  proportions  of  cylinder  and  driving  wheel,  to 
admit  of  highly  expansive  working  consistent  with  the  required 
doty  of  the  engine.    It  is  probable  that  150  Ibs^  per  inch  is  about 
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the  highest  pressure  at  which  it  is  adyisable  to  work  a  loeomotiTe 
consistent  with  the  fair  working  and  darability  of  its  parts.  The 
maximum  pressure  being  settled,  and  it  being  assumed  that  the 
same  pressure  is  to  be  maintained  in  the  cylinder  during  ft^miia*'^". 
the  degree  of  expansion  to  be  adopted  determines  the  capadtj  of  the 
cylinder  to  develope  the  necessary  average  power.  Long  stroke 
are  not  advisable  on  the  score  of  stability,  at  least  for  outside 
eylinders,  and  large  diameters  should  rather  be  adopted ;  for  the 
same  reason,  large  wheels  are  preferable. 

Thirdly,  in  the  details  of  the  mechanism,  the  cylinder  should 
be  arranged  to  have  the  shortest  practicable  steam-ways  ;  as,  for 
short  admissions,  a  long  steam-way  deducts  very  much  from  the 
efficiency  of  the  steam.  Such  an  arrangement  would  be  greatly 
promoted  by  the  introduction  of  balanced  valves,  or  such  as  have 
provision  for  preventing  the  steam-pressure  on  the  back  of  the 
valve ;  as,  by  being  balanced,  they  could  with  facility  be  made  large 
enough  to  embrace  the  whole  length  of  the  cylinder.  The  loads 
which  ordinary  valves  are  forced  to  cany  on  their  backs  are  enor- 
mous ;  and  though  there  is  certainly  no  momentum  in  these  loads 
to  contend  with,  yet  the  friction  of  sur&ces  due  to  the  loads  is 
very  great,  even  at  the  most  moderate  computation. 

In  this  attempt  at  an  elucidation  of  the  action  of  steam  in  the 
locomotive  engine,  the  writer  has  endeavoured  to  keep  constantly  in 
view,  that  the  proper  observation  and  registration  of  fruits  supply 
the  only  sure  basis  on  which  principles  of  practical  utility  can  be 
founded ;  as,  in  the  conduct  of  investigations  affecting  the  material 
laws  of  nature,  the  inqmry  must  be  tempered  with  that  eonsideta- 
tion  for  practical  necessities  which  cannot  be  disregarded  with_ 
impunity. 


Mr.  Buckle  observed  that  the  Paper  appeared  to  be  pre- 
pared with  great  care,  and  was  a  valuable  collection  of  practical 
information. 

Mr.  Crampton  inquired  whether  it  was  intended  in  the 
Paper  that  outside  cylinders  could  not  be  effectually  protected! 
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He  was  aware  there  was  a  strong  opinion  amongst  engineers  that 
outside  cylinders  could  not  be  properly  protected,  but  he  con- 
sidered there  was  no  impossibility  in  it. 

Mr.  Clark  replied,  it  was  only  intended  to  be  stated  in  the 
Paper,  that  the  general  effect  in  practice  was,  that  outside 
cylinders  were  worse  protected  than  inside  cylinders,  and  they 
Tvere  generally  very  much  exposed. 

Mr.  Buckle  observed,  that  it  was  very  important  4;o  have 
the  cylinders  of  all  engines  well  protected ;  this  was  particularly- 
attended  to  in  the  Cornish  engines,  in  which  a  casing  nine  or 
ten  inches  thick  of  non-conducting  material  was  placed  round 
the  cylinders,  besides  a  steam  jacket.  The  proportion  of  expan- 
sion should  be  regulated  by  the  kind  of  work  to  be  done  ;  pump- 
ing admitted  of  a  great  extent  of  expansion,  the  jolt  and  inequality 
of  motion  being  of  no  consideration,  but  in  grinding  flour, 
spinning  cotton,  &c.,  a  uniform  motion  was  obtained  by  a  moderate 
proportion  of  expansion,  say  from  one-fifth  to  one-eighth,  accord- 
ing to  the  work  to  be  done ;  this  arrangement,  with  ample  pass- 
ages to  the  cylinders  to  admit  and  exhaust  the  steam,  produced 
a  motion  for  machinery  nearly  equal  in  uniformity  to  a  water- 
wheel. 

Mr.  Crampton  thought  that  enough  attention  had  certainly 
not  been  paid  to  the  condensation  in  the  cylinders  of  locomo- 
tives at  slow  speed ;  he  did  not  think  it  was  of  so  much  importance 
at  high  speeds.  It  was  also  particularly  of  importance  in  steam- 
boat engines,  where  the  question  had  not  received  so  much 
attention  as  it  deserved.  He  remembered  an  experiment  which 
showed  a  remarkable  effect  of  condensation :  four  condensing 
engines,  of  equal  size,  were  working  coupled  together  in  a 
boat,  with  the  steam  cut  off  at  one-quarter  of  the  stroke  and 
expanded ;  two  of  the  engines  were  then  disconnected,  and  the 
other  two  engines  were  worked,  cutting  off  at  half  stroke,  using, 
consequently,  the  same  quantity  of  steam  as  the  four  engines 
did,  cutting  off  at  one-quarter  of  the  stroke;  but  a  greater  effect 
was  found  to  be  produced  by  the  steam  than  when  it  was  used 

E 
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in  the  four  cyKnders.  This  increase  of  effect  appeared  to  be 
entirely  due  to  the  greater  amount  of  condensation  that  took 
place  in  the  four  cylinders  than  in  the  two  cylinders.  There 
were  no  steam  jackets,  only  ordinary  clothing  on  the  cylinders^'and 
he  thought  much  improvement  was  required  in  this  respect  in 
marine  engines^  and  it  was  a  matter  well  deserving  the  con- 
sideration of  engineers. 

In  reply  to  an  inquiry,  he  said  the  boilers  were  working  with 
salt  water,  but  he  did  not  think  that  would  affect  the  result. 

Mr.  Clark  said  he  had  found  that  even  at  the  highest 
speeds  in  locomotives  there  was  great  condensation  with  high 
degrees  of  expansion,  except  in  the  case  of  well-protected 
inside  cylinders* 

Mr.  Peacock  suggested,  that  part  of  the  effect  in  the  ex- 
periment mentioned  by  Mr.  Crampton  might  have  been  due  to 
the  smaller  amount  of  friction  in  the  two  cylinders  than  in  the 
four  cylinders,  when  giving  out  the  same  total  amount  of  power. 

Mr.  Crampton  replied,  that  a  greater  effect  was  found  to  be 
produced  after  allowance  was  made  for  the  friction,  by  taking 
indicator-diagrams,  and  the  relative  consumption  of  the  water. 

Mr.  Whytehbad  thought  the  loss  by  back  pressure  would 
also  be  less  in  the  case  of  the  two  cylinders  than  with  the  four. 

Mr.  BoviLL  enquired  whether  Mr.  Crampton  could  give  the 
result  of  any  trials  of  the  relative  consumption  of  steam,  with  un- 
protected cylinders,  and  with  steam  jackets  ? 

Mr.  Crampton  replied  that  he  could  not  give  the  exact 
comparison. 

Mr.  £.  A.  Cowpsr  exhibited  an  indicator-diagram,  which  he 
had  obtained  from  a  35-horse-power  stationary  engine,  cutting 
off  at  about  ^-stroke,  and  working  expansively,  on  which  he  had 
drawn  the  true  expansion  curve,  according  to  Pambour;  the 
difference  between  the  actual  and  the  theoretical  curve  was  a 
confirmation  of  Mr.  Clark's  observations,  the  actual  curve 
having  fallen  below  the  theoretical  at  the  commencement,  and 
gradually  risen  a  little  above  it  at  the  latter  part  of  the  expan- 
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eion^  from  the  temperature  of  the  cylinder  being  higher  at  that 
time  than  the  steam.  The  engine  had  an  uncovered  cylinder  with- 
out a  steam  jacket,  but  was  not  exposed  to  the  cooling  action  of 
pasfling  rapidly  through  the  air  like  a  locomotive  cylinder.  He 
observed,  that  Mr.  Stephenson  had  mentioned  at  the  last  meeting 
mn  experiment  by  Mr.  Trevithick,  in  which  he  had  foimd  that 
one  bushel  of  coal  burnt  linder  the  cylinder  did  as  much  duty 
as  five  bushels  of  coal  burnt  under  the  boiler,  showing  the 
economy  of  keeping  the  cylinder  warm. 

A  vote  of  thanks  was  then  passed  to  Mr.  Clark  for  his  paper. 


The  following  Paper,  by  Mr.  Chakles  W.  Siemens,  of 
London,  was  then  read : — 

ON  THE  EXPANSION   OF  ISOLATED  STEAM,  AND  THE 
TOTAL  HEAT  OF  STEAM. 

The  object  of  this  Paper  is  to  lay  before  the  Members  the  results 
of  certain  experiments  on  Steam,  purporting,  in  the  first  place,  to 
corroborate  Begnault's  disproval  of  Watt*s  law,  "  that  the  sum  of 
latent  and  sensible  heat  in  steam  of  various  pressures  is  the  same ;'' 
in  the  second  place,  to  prove  the  rate  of  expansion  by  heat  of 
Isolated  Steam :  and,  in  the  third  place,  to  illustrate  the  immediate 
practical  results  of  those  experiments  in  working  Steam  Engines 
expansively. 

The  Author  pursued  these  experiments  at  long  intervals  since 
the  year  1847,  with  no  other  object  in  view  than  to  extend  his  o^u 
information ;  and,  consequently,  without  pretence  to  generalisation 
or  extreme  accuracy.  The  question,  however,  is  one  of  great  prac- 
tical importance  to  Engineers,  and  with  the  advantage  of  valuable 
suggestions  and  the  co-operation  of  his  friends,  Mr.  Edward  A. 
Gowper  and  Mr.  William  P.  Marshall,  the  Author  has  again  taken 
up  the  experiments,  which,  having  been  referred  to  at  the  previous 
meeting  by  Mr.  Cowper,  he  feels  himself  called  upon  to  lay  before 
this  Institution  in  their  present  state,  though  incomplete. 
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The  amount  of  heat  required  to  convert  one  pound  of  Water 
into  Steam  of  different  pressures  has  occupied  the  attention  of 
Natiural  Philosophers  from  the  earliest  periods  of  the  modem 
Steam  Engine. 

Dr.  Black  observed,  about  a  century  ago,  that  a  large  quantity 
of  heat  was  absorbed  by  water  in  its  conversion  into  Steam  {not 
accompanied  by  an  increase  of  temperature),  which  he  termed 
"  the  Latent  heat  of  Steam."  His  apparatus  consisted  simply  of  a 
metallic  vessel  containing  water,  which  he  exposed  to  a  very  regular 
fire ;  and  from  the  comparative  time  which  was  occupied,  first  in 
raising  the  temperature  of  the  water  to  the  boiling  point,  and, 
secondly,  in  effecting  the  evaporation,  he  approximately  determined 
the  amount  of  latent  heat.  Resuming  the  experiment,  in  conjunc- 
tion with  Dr.  Irvine,  he  employed  a  diflferent  apparatus,  consisting 
of  a  Steam  Generator,  and  of  a  Surface  Condenser,  or  a  Serpentine 
Tube,  surrounded  by  a  large  body  of  cold  water. 

The  Steam  which  condensed  in  the  Serpentine  Tube  was  care, 
fully  collected  and  weighed,  and  the  rise  of  temperature  of  the 
surrounding  water  was  observed,  which,  multiplied  by  its  known 
quantity,  represented  the  total  quantity  of  heat  which  the  Steam 
had  yielded. 

The  quantity  of  heat  requisite  to  raise  the  temperature  of  one 
pound  of  water  through  T  Fahr.  being  taken  for  tlie  unit  of  heat» 
Black  and  Ir\'ine  obtained  for  the  total  quantity  of  heat  in 

Steam  of  atmospheric  pressure,  the  number...  964 

Soutliem    10*2'1 

Watt  obtained  the  number       1140 

Regnault    1145 

Dr.  Ure      1147 

Despror.  1136,  but  later 1152 

Brix 1152 

Gay  Lussac  and  Clement  1170 

Count  Rumford 1206 

All  of  these  eminent  Experimentalists  employed  essentially  the 
same  apparatus,  and  the  differences  between  tlieir  results  proves  its 


Digitized  by  VjOOQ IC 


BXPANSION    OF   ISOLATED    STEAM.  133 

great  liability  to  error.  Brix,  of  Berlin,  was  the  first  to  investigate 
those  errors,  and  to  calculate  approximately  their  effect  upon  the 
results  obtained- 

While  such  a  large  amount  of  labour  and  talent  has  been  ex- 
pended to  determine  the  latent  heat  in  Steam  of  atmospheric 
pressure,  a  far  more  important  question  seems  to  have  been  passed 
over  with  neglect,  namely.  What  is  the  relative  amount  of  heat  in 
Steam  of  various  densities  i 

The  celebrated  Watt  justly  perceived  the  importance  of  this 
question,  but  contented  himself  with  one  experiment  upon  which 
he  based  his  law,  '*  that  the  sum  of  latent  and  sensible  heat  in  Steam 
is  the  same  under  all  pressures'' 

Southern  repeated  the  experiment,  and  found  that  Steam  of 
greater  density  contained  absolutely  more  heat  than  Steam  of  lower 
pressure,  which  induced  him  to  adopt  the  hypothesis  that  ''the 
latent  heat  of  Steam  was  the  same  at  all  pressures,'' 

Subsequent  experiments  and  general  reasoning  seemed  to  be  in 
favour  of  Watt's  law,  which  enjoyed  the  general  confidence  until  it 
was  attacked,  only  a  few  years  since,  by  Regnault,  of  Paris,  who 
proved  by  a  series  of  exceedingly  elaborate  and  carefully  conducted 
experiments,  that  neither  the  law  of  Watt  nor  that  of  Southern  was 
correct,  but  that  the  tinitli  lay  between  the  two.  The  apparatus 
employed  by  M.  Regnault  may  be  said  to  be  a  refinement  upon 
those  previously  employed,  and  with  the  advantage  of  Brix's  labours 
to  determine  the  amount  of  errors,  he  seems  to  have  succeeded  in 
measuring  the  absolute  amount  of  heat  in  Steam  of  various  pres- 
sures with  surprising  accuracy. 

The  costly  and  complicated  nature  of  the  apparatus  employed 
by  M.  Regnault,  has  hitherto  prevented  other  experimentalists 
from  repeating  the  experiment,  and  in  the  meantime  practical 
engineers  still  continue  to  adhere  to  Watt's  law. 

Shortly  after  the  publication  of  Regnault's  experiments  by  the 
Cavendish  Society,  in  1848,  the  idea  occurred  to  the  Author  of 
the  present  paper  that  their  results  might  be  brought  to  a  positive 
test  by  a  simple  apparatus,  which  he  places  before  the  meeting  in 
operation,  shown  in   Fig.  1.  Plate  63.     It  consists  of  an  upright 
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cylindrical  vessel  of  tin-plate  A,  which  is  surroimded  by  an  onter 
vessel  filled  with  charcoal  BB,  or  other  non-conducting  material- 
A  Steam.pipe  C,  with  a  contracted  glass  vein  D,  enters  the  inner 
vessel  in  a  slanting  position,  in  order  that  the  water  of  priming  from 
the  boiler,  and  of  condensation  within  the  pipe,   maj  return  to  the 
former,  allowing  only  a  small  jet  of  pure  steam  to  enter  the  vessel, 
where  it  suddenly  expands  and  communicates  its  temperature  to 
the  bulb  of  a  thermometer  E,  which  is  inserted  through  a  stuffing, 
box  from  above.     The  lower  extremity  of  the  inner  vessel  A  is 
connected  on  the  one  hand  to  a  mercury  gauge  G,  and  on  the  other 
to  a  condenser,  by  means  of  a  stop-cock  to  regulate  the  pressure. 
The  pressure  and  temperature  of  the  Steam  within  the  boiler  being 
known,  and  the  temperature  of  the  expanded  steam  observed,  it  will 
be  seen  whether  that  temperature  coincides  with  the  temperature 
which  is  due  to  pressure  indicated  by  the  mercury  guage.     J£  it  did, 
then  Watt  s  law  would  be  confirmed,  but  since  the  temperature  rises 
higher  than  is  due  to  the  pressure,  it  follows  that  the  high-pressure 
Steam  contains  an  excess  of  heat,  which  serves  to  super-heat  the 
expanded  Steam.    All  losses  of  heat  from  the  apparatus  would  tend 
to  reduce  the  temperature,  and  be  in  favour  of  Watt's  law ;  but  it 
will  be  shown  that  those  losses  may  be  entirely  eliminated,  and  a 
true  quantitative  result  be  obtained.    For  this  purpose  the  pressure 
in  the  boiler  should  first  be  raised  to  its  highest  point,  and  the 
indicating  appai*atus  be  well  penetrated  by  the  heat ;  the  fire  under 
the  boiler  should  thereupon  be  reduced,  and  observations  made 
simultaneously,  and  at  regular  intervals,  of  the  declining  pressure 
within  the  boiler,  and  temperature  of  the  expanded  Steam  of  con- 
stant pressure.     The  pressures  being  nearly  equal,  the  fire  under 
the  boiler  is  again  increased,  and  the  observations  continued  until 
the  maximum  pressure  is  once  more  obtained ;  and  the  loss  of  heat 
by  radiation,  Ac.,  may  be  correctly  estimated,  by  a  comparison  of 
the  two  series  of  observations. 


The  second  portion  of  this  paper  relates  to  the  rate  of  expansion 
of  Isolated  Steam  by  heat,  that  is,  steam  isolated  from  the  water 
from  which  it  is  generated. 
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The  Author  has  not  been  able  to  meet  with  any  direct  experi- 
ments on  this  subject,  except  some  at  a  recent  period  by  Mr. 
Frost,  of  America,  which,  however,  do  not  seem  entitled  to  much 
confidence.  The  rate  of  expansion  of  air  and  other  permanent 
gases  by  heat  was  first  determined  by  Dalton  and  Gay  Lussac 
simultaneously,  who  determined  that  all  gases  expanded  uniformly, 
and  at  the  same  absolute  rate,  amounting  to  an  increase  of  bulk 
equal  to  Tioth  part  of  the  total  bulk  at  32**  Fahr.  for  every  one  degree 
Fahr.,  or  vJuth  part  of  the  total  bulk  at  212^  Dulong  and  Petit 
confirmed  the  law  of  Dalton  and  Guy  Lussac,  but  it  appears 
that  these  philosophers  confined  their  labours  to  the  permanent 
gases  and  atmospheric  pressure,  and  merely  supposed  the  general 
applicability  of  their  discovery. 

Being  interested  in  the  application  of  "  super-heated"  Steam,  the 
Author  tried  some  direct  experiments  on  its  rate  of  expansion,  in 
the  year  1847,  which  confirmed  his  view,  that  vapours  expand 
more  rapidly  than  permanent  gases,  or  in  other  words,  that  the  rate 
of  expansion  of  different  gases  and  vapours  is  equal,  not  at  the  same 
absolute  temperature,  but  at  points  equally  removed  from  their  point  of 
generation. 

The  apparatus  employed  in  these  experiments  has  been  placed 
before  the  meeting,  and  its  simplicity,  when  seen  in  operation,  is 
such  that  the  result,  it  is  hoped,  can  hardly  be  doubted. 

It  is  shown  in  Fig.  2,  Plate  63,  and  consists  of  a  metallic  trough 
AA,  containing  oil,  which  is  placed  upon  a  furnace  BB,  heated  by 
gas  flames.  One  end  of  the  trough  is  provided  with  a  stuffing- 
box,  through  which  a  glass  tube  0,  of  about  ^th  inch  diameter, 
and  sealed  at  one  end,  may  be  slipped,  which  will  rest  horizontally 
upon  a  scale  below  the  suiface  of  the  oil.  The  mouth  of  the 
glass  tube  is  connected  to  an  open  mercury  syphon  G,  with 
either  the  one  or  the  other  leg  filled  with  mercury,  to  produce  the 
desired  pressure  within  the  horizontal  glass  tube.  A  small  drop 
of  water  and  a  piston  of  mercury  P  being  introduced  into  the 
bottom  of  tlie  tube,  it  is  placed  in  the  oil  bath,  and  connected 
to  the  syphon.  The  oil  bath  is  then  gradually  heated,  and  the  tem- 
perature observed.  As  soon  as  the  boiling  point  of  water  under  the 
pressure  in  question  is  reached,  the  mercury  piston  will  move  rapidly 
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forward,  until  all  the.  water  is  converted  into  steam.  The  tempera- 
ture continuing  to  increase,  the  piston  will  continue  its  course  more 
slowly  upon  the  scale,  where  its  progress  is  noted  from  time  to  time, 
together  with  the  temperature. 

The  experiment  is  continued  until  the  temperature  reaches  about 
400°,  when  the  oil-  begins  to  boil.  The  gas  flame  is  then  withdrawn. 
and  the  bath  allowed  ta  cool  gradually.  The  observations  of  the 
temperature  and  the  position  of  the  mercury  piston  are  continued 
until  the  Steam  contained  behind  it  is  recondensed.  A  comparison 
between  the  two  series  of  obsen'ations  gives  the  correct  mean  of  the 
experiment,  by  which  the  effects  of  the  friction  of  the  mercury 
piston,  any  possible  slight  leakage  of  Steam  past  it,  and  faults  con- 
sequent pn  the  slow  transmission  of  heat,  are  completely  neutralized. 

The  curve  A  on  Fig.  3,  Plate  04,  has  been  drawn,  expressing 
the  rate   of  expansion  of   atmospheric   Steam  according  to  these 
experiments.     The  results  of  nine  separate  experiments  very  nearly 
coincide,  (as  shown  by  the  dotted  lines,  which    give  the  extreme 
variation  in  the  experiments,)  except  at  the  starting  point,  where  the 
rate  of  expansion  is  so  very  great  that  it  is  difficult  to  obtain  connect 
observations ;  changes  in  the  barometer,  moreover,  affect  the  curve 
in  the  vicinity  of  the  boiling  point.     To  obviate  tlie  effect  of  these 
inaccuracies,  the  unit  of  volume  in  laying  down  the  cui*ves  from 
each  of  the  nine  experiments  was  taken,  not  at  the  absolute  boiling 
point,  but  at  QSO**,  where  tlie  expansion  had  already  assumed  a 
definite  course. 

The  diagram  also  shows  a  straight  line  B,  expressing  the  rate  of 
expansion  of  common  Air,  which  at  first  diverges  greatly  from  the 
hyperbolic  curve  of  expansion  of  steam,  although  the  assymptote 
of  the  latter  seems  to  run  parallel  to  the  foimer.  The  Author  con- 
siders it  tVierefore  highly  probable,  "  tlmt  the  rate  of  expansion  of  aU 
gases  may  be  eoppressed  by  one  hyperbola^  which  starts  from  the  condensing 
point  of  the  gas,"'  and  that  the  apparently  uniform  rate  of  expansion 
of  the  permanent  gases  may  be  accounted  for  by  their  great  eleva- 
tion, at  the  ordinary  temperature,  above  their  supposed  boiling 
point,  in  consequence  whereof  tlie  true  curve  approaches  so  nearly 
to  its  assymptote  that  the  difference  cannot  be  detected  by 
experiments. 
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The  general  result  obtained  from  the  above  experiments  may  be 
stated  as  follows:  that  Steam  generated  at  212'',  and  maintained 
at  a  constant  pressure  of  one  atmosphere,  when  heated  out  of 
contact  with  water  to 

230°  is  expanded  5  times  more  than  Air  would  be. 

240°         ditto         4  ditto  ditto. 

260°        ditto        3  ditto  ditto. 

870°         ditto         2  ditto  ditto. 

The  Author  intends  to  extend  the  range  of  his  experiments 
upon  gases  and  vapours  under  high  pressure,  and  will  be  glad  to 
communicate  the  further  results  to  the  Institution. 

The  diagram  contains  another  curve,  C,  showing  the  results  of 
Mr.  Frost's  experiments,  alluded  to  before,  which,  from  the  very 
sudden  and  irregular  rise  at  the  commencement,  appears  to  be 
affected  by  some  serious  source  of  error. 

The  two  curves  of  pressure  and  density,  P  and  D,  show  the  rate 
at  which  saturated  Steam  increases  in  pressure  and  in  density,  with 
the  rise  of  temperature  marked  at  the  bottom  of  the  diagram.  It 
will  be  observed  that  the  pressure  increases  at  a  rather  greater 
rate  than  the  density ;  and  it  is  a  remarkable  circumstance,  that 
the  difference,  or  the  rate  at  which  the  pressure  increases  faster 
than  the  density,  which  is  in  effect  the  rate  of  expannon  of  saturated 
Steam  with  the  increase  of  sensible  temperature,  exactly  coincides 
with  the  line  B,  representing  the  rate  of  expansion  of  Atmospheric 
Air. 

An  extension  of  our  knowledge  on  the  properties  of  Steam  is  a 
matter  of  such  evident  importance  to  Engineers,  that  it  would  be 
useless  to  dwell  upon  its  practical  importance.  Suffice  it  to  say, 
that  it  has  been  theoretically  demonstrated  that  a  perfect  Boulton 
and  Watt  Condensing  Engine  (abstracting  friction  and  all  losses  of 
heat  in  the  furnace  and  through  radiation)  would  only  yield  about 
seven  per  cent,  of  the  mechanical  force  which  would  be  equivalent 
to  the  expanded  heat.  It  may  be  argued  from  this,  that  the  Steam 
Engine  is  destined  to  undergo  another  great  modification  in  prin- 
ciple, and  in  the  Author's  humble   opinion  this  crisis  will   be 

F 
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accelerated  by  inquiries  into  those  properties  of  gaseous  ftmds 
which  have  hitherto  excited  but  little  attention,  and  especially  m%o 
the  properties  of  Dry  Steam,  or  Isolated  Steam. 

The  present  Paper  will  be  confined  to  showing  the  effect  of  the 
above  experiments  upon  the  rate  of  Expansion  of  Steam  within  the 
Steam  Cylinder  of  an  Engine.  It  was  demonstrated  by  the  fi^s^ 
named  experiments,  that  Expanded  Steam  is  Super-heated  Steam; 
and,  by  the  second,  it  is  shown  what  is  the  expansion  of  balk  due 
to  an  increase  of  temperature. 

Supposing  the  results  of  the  experiments  to  be  correct,  the 
expansion  curve  as  laid  down  by  Pambour,  and  which  is  based  upon 
Watt's  law,  requires  a  modification  due  to  the  excess  of  temperature 
in  Expanded  Steam ;  and  it  will  be  observed  that  this  correction  in 
the  curve  of  expansion  is  in  favour  of  working  engines  expan- 
sively,  as  a  greater  average  pressure  is  obtained  during  expansion 
than  would  be  the  case  if  the  expanded  steam  were  not  thus 
super-heated.  Its  correctness  is  corroborated  by  some  actual 
observations  by  Mr.  Edward  A.  Cowper  in  taking  diagrams  of 
expansive  engines,  previous  to  his  acquaintance  witli  the  above 
experiments.  It  moreover  appears  that  in  Cornwall,  Engineers 
have  been  practically  acquainted  with  the  fact,  that  Expanded  Steam 
is  Superheated  Steam,  and  more  economic  in  its  use  than  Saturated 
Steam  ;  for  it  is  a  practice  with  them  to  generate  the  Steam  at  very 
high  pressure,  and  to  expand  it  down  to  the  required  pressure  pre- 
vious to  its  reaching  the  Steam  Cylinder. 

Another  remarkable  practical  observation  is,  that  a  jet  of  high- 
pressure  Steam  does  not  scald  the  naked  hand,  while  a  jet  of  low- 
pressure  Steam  does,  although  the  high-pressure  Steam  is  the  hotter 
substance.  The  cooling  effect  of  a  jet  of  high-pressure  Steam  is  so 
powerful,  that,  as  the  Author  has  been  informed,  ice  has  been 
actually  produced  in  the  heat  of  summer  in  America,  by  blowing  a 
powerful  jet  of  Steam  of  400  lbs.  pressure  per  square  inch  against  a 
damp  cloth.  This  phenomenon  may  be  explained  by  the  perfectlj 
dry  and  under  saturated  state  of  Expanded  Steam,  which,  widi  a 
strong  tendency  to  re-saturate  itself,  produces  a  powerful  evapora- 
tion on  moist  surfaces  with  which  it  comes  in  contact 

The  rapid  rate  of  Expansion  of  Steam  by  heat,  when  still  near 
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its  boiling  point,  proves  the  economy  of  heating  the  Steam  Cylinder 
either  bj  a  Steam  jaclcet,  or  bj  the  iq)plication  of  fire.  It  is,  hov- 
ever,  important  to  observe,  that  the  specific  heat  of  Steam  seems  to 
diminish,  the  more  the  temperature  exceeds  the  boiling  point.  The 
annexed  table  of  observations  gives  the  data  from  which  the  cnrre 
A  in  Fig.  3  has  been  drawn. 


Mr.  Siemens  explained  the  action  of  the  two  instruments, 
and  showed  their  process  in  operation. 

Mr.  Crampton  enquired  whether  the  charcoal  in  the  casing 
of  the  instrument  would  not  get  heated  by  the  tube  of  high- 
pressure  steam  passsing  through  it  during  the  experiment,  and 
so  super-heat  the  steam  in  the  internal  cylinder  ? 

Mr.  Siemens  explained,  that  it  was  not  possible  for  such  an 
effect  to  take  place,  as  the  end  of  the  steam-pipe  was  exceedingly 
small,  and  was  protected  by  a  thick  non-conducting  casing.  He 
had  also  observed  several  times  during  the  experiments,  that 
whenever  any  priming  took  place  in  the  boiler,  and  a  drop  of 
water  came  out  with  the  steam,  and  fell  on  the  bulb  of  the  inter- 
nal thermometer,  the  mercury  fell  immediately  to  ^IS**,  or  the 
boiling  point  of  water,  and  remained  steadily  there  for  four  or 
five  minutes,  until  the  whole  of  the  priming  water  was  converted 
into  steam,  when  the  mercury  again  gradually  rose  to  its  former 
temperature.  This  showed  that  the  increased  temperature  above 
212**  in  the  internal  cylinder  was  entirely  due  to  the  extra  heat  in 
the  expanded  high-pressure  steam,  and  not  to  any  heat  derived 
from  the  charcoal  casing. 

Mr.  Crampton  remarked,  that  from  the  larger  proportion 
of  the  steam-tube  shown  in  the  sketch,  it  had  appeared  to  him  that 
heat  would  be  communicated  to  the  casing ;  but  from  the  ex- 
planation given,  and  the  manner  in  which  Mr.  Siemens  conducted 
his  experiments,  he  had  no  doubt  of  the  good  results  obtained. 

Mr.  E.  A.  CowpER  observed,  that  the  only  source  of  heat  to 
raise  the  temperature  of  the  charcoal  casing,  was  the  super-heat 
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xn.  tlie  expanded  steam  in  the  interior  of  the  cylinder,  as  the  jet 
€>£  high-pressure  steam  was  so  small  and  well  protected,  that  it 
could  not  have  any  appreciable  effectin  heating  the  charcoal.  Con- 
sequently, the  charcoal  casing  could  only  attain  the  temperature 
of  tHe  expanded  steam  that  was  passing  through  it,  and  could 
not  influence  the  temperature  of  that  steam.     In  the  first  experi- 
ments tried  by  Mr.  Siemens  and  himself,  the  lower  end  of  the 
cylinder  was  entirely  open  to  the  atmosphere,  so  as  to  try  the 
experiment  with  steam  expanded  down  to  the  atmospheric  pres- 
sure ;  and  as  the  expanded  steam  was  passing  out  into  the  atmos- 
pliere  in  a  constant  stream  from  the  open  mouth  of  the  cylinder, 
it  Tiras  impossible  there  that  the  increased  temperature  maintained 
in  the  cylinder  could  have  been  affected  by  the  charcoal  casing, 
and  it  could  only  have  been  due  to  the  extra  heat  contained  in 
the  high-pressure  steam. 

Mr.  Siemens  said,  that  as  a  check  on  the  accuracy  of  the 
observations,  he  had  tried  them  successively  in  an  ascending  and 
a  descending  series,  when  any  error  from  the  source  alluded  to 
woxdd  have  been  made  apparent,  and  been  doubled  in  effect, 
but  he  could  not  detect  more  than  one  degree  difference  in  the 
observations. 

The  thanks  of  the  meeting  were  voted  to  Mr.  Siemens  for 
his  paper  and  experiments. 


The  following  paper,  by  Mr.  Charles  Cowper,  of  London, 
was  then  read  : — 

ON  BOURDON'S  METALLIC   BAROMETER,  INDICATOR, 

AND 

OTHER  APPLICATIONS  OF  THE  SAME  PRINCIPLE. 

Various  instruments  have  been  invented  and  employed  for 
Measuring  the  Pressure  of  the  Atmosphere,  and  also  for  Measuring 
the  Pressure  of  Steam  and  other  Fluids,  but  they  may  be  divided 
into  three  principal  classes. 
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lu  the  first  of  these,  the  pressure  is  ascertained  by  measming 
the  height  of  the  column  of  mercuiy  which  it  is  capable  of  sustain- 
ing,  as  in  the  common  Barometer  and  the  ordinaiy  Mercurial 
Pressure-gauge. 

In  the  second  class,  the  pressure  of  the  air  or  other  fluid  is 
ascertained  by  the  amount  of  compression  which  it  is  capable  of 
producing  in  a  portion  of  air  confined  in  a  bent  tube  or  syphon,  bj 
a  portion  of  mercury  or  other  liquid.  The  Sympiesometer  and  the 
Short  Mercurial  Steam  Gauge  are  constructed  on  this  principle. 

The  third  class  consists  of  a  cylinder  and  piston,  the  piston 
being  aftached  to  a  spring  ;  Watt's  Indicator  is  constructed  on  this 
principle,  and  it  has  also  been  proposed  to  employ  it  as  a  Baro- 
meter, by  exhausting  Ihe  air  from  the  interior. 

The  difficulty  of  obtaining  an  air-tight  piston,  sufficiently  free 
from  friction,  appears  to  have  led  M.  Conte,  at  the  latter  end  of 
the  last  century,  to  propose  the  application  of  a  shallow  air-tight 
box,  covered  with  a  thin  metallic  diaphragm,  and  exhausted  of  air. 
The  diaphragm  was  supported  by  springs  contained  within  the  box, 
BO  that  it  rose  and  fell  with  the  variations  in  the  pressure  of  the 
atmosphere.      The  instrument  known  as  the  Aneroid  Barometer  is 
constructed  in   a   similar  manner,   and  the  small  motion  of  the 
diaphragm  is  greatly  multiplied  by  means  of  levers.     A  similar 
instrument  was  constructed  by  M.  Bourdon,  as  long  since  as  the 
year  1843,  for  the  purpose  of  a  steam  gauge.     After  many  experi- 
ments, however,  he  laid  it  aside,  as  he  found  that  the  metal  cracked 
after  a  continued  use,  and  rendered  the  instrument  useless. 

The  invention  of  the  Instruments  which  are  the  subject  of  the 
present  Paper,  was  the  result  of  a  careful  observation  of  an  acci- 
dental circumstance.  M.  Bourdon  had  occasion  to  restore  the 
form  of  a  worm -pipe  of  a  still,  which  had  been  accidentally 
flattened.  To  effect  this,  he  closed  one  end  and  forced  water  in  it 
at  the  other  end.  The  flattened  tube  expanded  to  its  proper  form, 
but  at  the  same  time  M.  Bourdon  observed  that  the  tube  uncoiled 
itself,  to  a  certain  extent,  and  it  occurred  to  him  to  apply  this  fact 
to  the  construction  of  a  Pressure-gauge.  He  did  so,  and  with 
perfect  success. 
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The  principle  of  the  Instruments  will  be  best  explained  with 
the  aid  of  the  accompanying  diagrams,  Plate  65. 

Fig.  1  is  a  section,  and  Fig.  2  a  front  view  of  a  flattened 
metallic  tube,  bent  into  a  circular  form.  If  a  pressure  of  steam  or 
other  fluid  be  applied  to  the  interior  of  this  tube,  it  will  be  found 
to  uncoil  itself  as  the  pressure  increases  until  it  assumes  the  form 
shown  in  Fig.  3,  and  on  removing  the  pressure  it  will  return  to 
its  original  form.  If  it  is  exposed  to  external  pressure,  or  if  the 
air  is  withdrawn  from  the  interior,  the  tube  coils  itself  up  to  a 
smaller  diameter,  as  shown  in  Fig.  4.  It  will  be  found  that  as  the 
tube  uncoils  itself  it  becomes  thicker,  from  the  sides  becoming  more 
convex,  and  as  it  coils  itself  up  it  becomes  thinner.  It  is  upon  this 
relation  between  the  thickness  of  the  tube  and  the  diameter  of  the 
coil,  that  the  action  of  the  instrument  depends. 

If  a  fiat  band  of  metal  is  bent  round  into  a  circle,  its  transverse 
form  remains  unaltered,  but  if  a  semi- cylindrical,  or  gutter-shaped 
band,  like  that  shown  at  A,  in  Fig.  5,  is  bent  into  a  circular  form,  its 
convexity  is  diminished,  as  shown  at  B,  and  if  the  circle  to  which  it 
is  bent  is  of  small  diameter,  jthe  band  will  become  almost  flat  in 
the  transverse  direction. 

The  same  effect  takes  place  with  a  complete  tube  as  with  the 
gutter  shaped  band,  and  it  is  owing  to  this  peculiarity  that  tubular 
bodies  possess  such  gi-eat  rigidity.  In  fact,  it  is  a  law  of  general 
application,  that  a  surface  which  is  curved  in  two  directions  cannot 
have  its  curvature  increased  in  one  direction  without  diminishing 
its  curvature  in  the  other  direction,  and  vice^ersa, 

A  tube  may  be  considered  as  an  assemblage  of  separate  parallel 
filaments  or  wires,  and  if  a  cui-ved  gutter-shaped  assemblage  of 
wires,  as  shown  in  Fig.  6,  is  flattened  out,  it  assumes  the  form 
shown  in  plan  in  Fig.  7,  from  the  central  wires  being  longer  than 
those  at  the  sides,  owing  to  their  having  originally  formed  a 
portion  of  a  larger  circle.  If  on  the  other  hand  the  gutter  be 
curved  to  a  smaller  diameter,  tlie  ends  will  become  hollow 
instead  of  round.  As  these  eff'ects  cannot  take  place  in  a  gutter- 
shaped  band  formed  of  one  piece  of  metal,  it  becomes  necessary 
for  the  diff"erent  parts  to  accommodate  themselves  to  the  varying 
cui-vature  in  some  other  manner.     This  is  effected  by  the  change 
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m  the  thickness  of  the  tube,  which  allows  the  two  sides  to  asaome 
a  greater  degree  of  convexity  in  the  transverse  direction,  in  propor- 
tion to  the  diminution  of  their  curvature  in  the  longitadinal 
direction. 

The  converse  of  this  proposition  equally  holds  good,  that  is  to  say. 
if  pressure  is  applied  to  the  interior  of  a  curved  tube  6  of  a  flattened 
section  similar  to  that  shown  in  Fig.  8,  the  effect  is  to  separate 
the  two  sides  of  the  tube  in  the  direction  of  the  line  AC,  and  thus 
to  increase  their  convexity  in  the  transverse  direction,  as  shown  at 
D.  The  consequence  is  the  diminution  of  their  eurvatore  in 
the  longitudinal  direction,  as  shown  at  E. 

From  these  considerations  it  follows  that  a  curved  tube  of  cylin- 
drical or  circular  section  will  not  experience  any  change  of  curvature, 
when  submitted  to  internal  pressure,  as  the  circle  is  the  sectional 
form  which  all  tubes  tend  to  assume  when  exposed  to  internal 
pressure.  As  the  sectional  form  therefore  cannot  alter,  the  longi- 
tudinal curvature  ought  also  to  remain  unchanged.  This  theoretical 
observation  is  confirmed  by  actual  experiment,  the  curved  tube  of 
circular  section  remaining  unaltered  in  form  when  submitted  to 
internal  pressure.  The  result  is  the  same  with  external  pressure, 
provided  of  course  that  the  pressure  is  insufficient  to  totally  collapse 
and  destroy  the  tube. 

The  mutual  dependance  of  the  two  curvatures  on  one  another  is 
also  proved  in  the  following  manner.  When  the  flattened  tube  is 
embraced  by  a  series  of  separate  small  clamps,  of  the  form  shown 
in  Fig.  9,  so  as  to  prevent  its  sectional  form  from  altering  on  the 
application  of  internal  pressure,  the  consequence  is  that  its  longi- 
tudinal curvature  also  remains  unchanged. 

On  the  other  hand,  when  the  two  ends  of  the  tube  are  joined  so 
so  as  to  complete  the  circle,  and  the  pressure  is  then  applied,  the 
cohsequence  is  that  the  tube,  being  unable  to  alter  its  longitudinal 
curvature,  remains  also  unaltered  in  thickness. 

The  variation  in  the  thickness  of  a  curved  flattened  tube  with 
variations  of  curvature  is  proved  by  actual  measurement. 

This  variation  is  proportional  to  the  change  in  its  curvature, 
and  vice  versa.      Thus,  in    Fig.   10,   ABCD   represents  a  curred 
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flattened  tube,  the  arc  AB  haying  a  radios  of  60  parts,  and  the 
arc    CD  haying   a   radius  of  50  parts,  the    interyal  AG  or  the 
thickness  of  the  tube  being  10.    If  the  arc  AB  is  brought  closer 
to    CD  by  the  application  of  external  pressure,  the  arc  AB  ^nll 
necessarily  be  too  long  for  its  new  position.    To  establish  the  pro- 
per relation  between  the  tWo  arcs,  their  respectiye  radii  must  still 
maintain  their  original  relatiye  proportion,  or  in  other  words,  if  the 
distance  AO  is  reduced  to  eighi  parts  or  diminished  one  fifth,  the  radii 
must  also  be  diminished  one  fifth  each,  and  reduced  to  forty-eight 
and  forty  parts  respectiyaly.    The  length  of  the  arc  remaining  con- 
stant, while  the  diameter  is  reduced,  the  radii  will  necessarily  form 
an  angle  one  fourth  larger  than  in  the  original  position,  that  is  to  say, 
if  the  original  angle  was  sixty  degrees,  it  will  now  be  increased  to 
seyenty-five  degrees.    TnFig.  11  the  dark  lines  show  the  original 
form,  and  the  dotted  lines  show  the  effect  produced  by  approaching 
the  two  arcs  together.    Fig.  12  shows  the  new  form  acquired  by  the 
tube* 

The  change  in  thickness  of  the  tube  is  thus  proportioned  to*  the 
yariation  of  its  radius  of  curyatore,  and  it  is  found  by  experiment 
that  the  motion  of  the  extremities  of  the  tube  is  proportional  to  the 
pressure  applied,  so  that  the  indications  are  equal  for  equal  incre* 
ments  of  pressure. 

This  fact  is  of  considerable  importance,  as  it  greatly  fiusilitates 
the  application  of  the  principle  to  the  construction  of  pressure-gauges^ 
barometers,  and  other  instruments. 

The  simpleiBt  form  of  these  instruments  is  the  Steam  Pressure'' 
gauge.  Figs.  16  and  17,  Plate  66,  in  which  rather  more  than  one 
conyolutlon  of  flattened  tube  AA  is  employed.  One  end  of  this 
tube  is  fixed  to  a  stop-cock  B,  in  connection  with  the  steam  boiler, 
and  the  other  end  carries  an  index  G,  the  extremity  of  which  trayerses 
oyer  a  scale  graduated  to  pounds  pressure  per  square  inch.  In  some 
eases  a  small  slider  or  an  additional  loose  hand  is  added,  which  is 
pushed  forward  by  the  motion  of  the  index,  and  serves  to  register 
the  maximum  or  minimum  pressure. 

In  another  form  of  the  instrument,  the  flattened  tube  is  fixed 

at  the  top,  and  makes  one  turn,  and  the  firee  end  is  connected  by 

a 
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a  link  to  a  lever  and  indet.  These  iuBtarumeiits  serve  eqtfdlj  weU 
as  {Hressare-gaugeaand'as  vacuum'-gaiiges.  The  dimensions  of  the 
tube  and  scale  are  varied  according  to  the  pressure  to  which  thej 
are  to  be  exposed,  and  the  degree  of  delieaey.  required  in.  the  indi- 
<;atioD8. 

Th]3  instruxnent  ans^vrers  perSec&j  for  &sed  ec^ispea,  but  if  its 
position  is  varied  by  Uqring  it  on  ita  side,  the  weight  of  the  tube 
iiauses  it  to  spring  a  littile,  and  thus  to  interfere  with  the  aociuacj 
of  its  indications.  Therefore,  in  cases  in  which  the  poaition  of  the 
instrument  is  exposed  to  v&riation,  as  in  sei^oing  vessels,  it  is  pre- 
ferable to  employ  a  ciifcular  tube  fixed  in  the  centime  to  the  atopr^ock, 
and  having  its  ends  connected  by  links- to  Ihe  two  ends  of  a.  lever, 
taming  upon  a  centre,  and  carrymg  the  indent.  The  fsno  bnmches 
of  the  tube  are  thus  made  to  balance  c^adi  other,  and  the  index 
^ing  alHo  balanced,  the  instrument  mikj  he.placed.  Ia  aikiy  position 
without  its  indications  being  thereby  afifeoted.     . 

When  a  great  range  of  motion  is  required,  the  lever  is  not  placed 
on  the  axis  of  theindet,  but  carries  a. toothed. segm^tiirbio)!  drives 
a  pinion  on -the  ^Mndle  of  the  index. 

Eigs.  18>  and  19  show  a  SressUre-gange  canstm^b^  ia  this 
mannear.  The  bent  tube  AA  ia  fixed  in  the  centre,. and  ik^  two 
branches  of  the  tube  are  made  to  balance  each  other.  Theleyer  B 
to  which  they  are  coimected  gives  moticm  to « toolhed  si>ctar  0, 
which  is  also  balanced,  and  which  drives  a  pinion  On  the  axis  pf  the 
index  D,  which  is  balanced.  ^ 

This  arrangement  is  well  adapted  for  Barometers,  in  whitSi  case 
the  air  is  exhatisted  from  the  flattened  tube,  which  is  then  soldered 
up.  The  pressure  of  the  ittmdsphere  acts  on  the  eocteriori  and  is 
balanced  by  the'  elasticity  of  the  tube,  which  varies  in.  curvature 
with  every  variation  in  the  pressure  of  the  atmosphere.  In  order 
to  prevent  any  slacknesa  in  the  di£Eerent  joints  firoqi  affecting  tbo 
accuracy  of  the  indication,  a  small  hair-spring  may  be  attached  to 
the  axis  of  the  index,  which  will  keep  a  slight  tension  upon  al}  tho 
joints,  and  keep  the  teeth  of  the  pinion  always  in  gear  with  thA 
same  side  of  the  teeth  of  the  sector.  The  Barometers  are  eon* 
structed  with  broader  and  thinner  .tubes  than  the  steam  pressure- 
gauges,  as  the  variations  of  pressure  to  whidi  they  are  aabjectfi4 
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being  comparatively  small,  it  is  desirable  to  obtain  a  considerable 
motion  with  these  small  variations  of  pressure. 

Fig.  18,  Plate  65,  is  the  section  of  tube  which  is  generally 
employed  for  Barometers,  while  Figs.  14  and  15  are  genendly 
employed  for  steam  pressure-gauges. 

In  order  to  givd  eome  idea  of  the  extent  of  motion  which  is 
readily  obtunable  in  these  instruments,  the  following  experiment 
may  be  mentioned.  A  tube  of  the  sectional  form  shown  in  Fig.  1 B, 
and  about  three  inches  wide,  was  bent  into  a  circle  of  about  ten  inches 
diameter.  One  end  of  the  tube  was  closed,  and  a  small  tube 
attached  to  the  other  extremity.  By  placing  this  tube  to  the  mouth, 
and  blowmg  into  the  tube,  it  was  caused  to  expand,  and  by  sucking 
out  the  air  the  tube  was  made  to  contract.  The  motion  thus 
produced  in  the  free  end  of  the  tube  was  fully  three  inches.  In  the 
Barometers  in  which  a  tube  about  one  inch  wide  is  bent  into  a 
circle  of  about  four  inches  diameter,  the  motion  caused  by  ex-' 
hausting  the  air  from  the  tube  is  about  an  inoh«  but  varies  according 
to  the  sectional  form  and  thickness  of  the  metal  which  forms  the 
tube. 

If  the  curved  flattened  tube  be  filled  with  alcohol  or  other  liquid, 
and  hermetically  closed,  the  instrument  becomes  a  Thermometer, 
showing,  by  the  motion  of  the  index,  every  change  in  the  volume 
of  the  enclosed  liquid.  The  tube,  being  formed  of  metal,  has  the 
advantage  of  transmitting  the  heat  to  the  enclosed  liquid  with 
greater  rapidity  than  is  the  case  with  a  glass  Thermometer.  In 
some  cases,  however,  as  in  ascertaining  the  temperature  of  corrosive 
liquids,  it  might  be  advisable  to  employ  a  tube  of  glass. 

A  Pyrometer,  for  measuring  high  temperature,  is  made  by  con- 
necting one  of  the  pressure-gauges  by  a  small  platinum  tube  to  a 
hollow  ball  of  platinum,  filled  with  air.  The  platinum  ball  being 
exposed  to  heat,  the  elasticity  of  the  air  contained  in  it  is  increased, 
ftnd  its  pressure  is  indicated  by  the  pressure-gauge. 

If  in  place  of  bending  the  flattened  tube,  it  is  twisted,  by  fixing 
one  end  and  turning  the  other  round,  a  sort  of  quick  threaded 
screw  IS  obtained,  which  has  the  property  of  untwisting  itself  when 
acted  on  by  internal  pressure,  and  tfice  versa.  The  action  of  the 
twisted  tube  depends  upon  the  same  law  which  has  already  been 
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emmeiated,  namely,  that  a  razfiuM  which  is  eunred  in  two  diroetioiii 
cannot  hare  its  cnrvatore  increased  in  one  direction  without 
diminishing  its  curvature  in  the  other  direction.  In  fiust,  if  any 
portion  of  the  sur&oe  of  the  twisted  tuhe  be  examined,  it  will  be 
found  to  be  curved  in  two  directions,  but  in  place  of  the  two  eom- 
tures  being  at  right  angles  to  one  another,  they  form  an  angle  more 
or  less  acute.  The  motion  of  the  twisted  tube  is  indicated  by  a 
hand  fixed  to  its  extremity,  or  the  motion  is  increased  by  means  of 
gearing  or  levers. 

A  Thermometer  made  by  filling  one  of  these  twisted  tubes  with 
alcohol  or  other  liquid,  and  provided  with  a  float,  as  shown  in  Figs.  30 
and  21,  is  convenient  for  enabling  brewers  and  others  to  ascertain 
the  temperature  of  large  quantities  of  liquid.  The  thermometer  is 
allowed  to  float  in  the  liquid,  and  the  temperature  is  read  off  on  the 
dial,  without  the  necessity  of  lifting  the  instrument  out  of  the  liquid. 

All  the  applications  of  which  these  instruments  are  susceptible 
need  not  be  mentioned ;  a  few,  however,  may  be  alluded  to,  as  illus- 
trating the  others. 

By  applying  a  tube  of  suitable  dimensions,  in  connection  with  a 
steam  boiler,  it  may  be  made  to  open  and  shut  the  damper,  and 
thus  regulate  the  pressure  in  the  boiler.  A  similar  arrangement 
with  a  Thermometer  serves  to  regulate  an  Amott*8  store  or  a 
furnace. 

A  steam-engine  Indicator  is  made  by  removing  the  cylinder 
piston  and  spring  of  an  ordinary  Indicator,  and  substituting  a  bent 
or  twisted  tube.  Fig.  2$2  is  a  front  view,  partly  in  section,  and 
Fig.  as  is  a  side  view  of  such  an  Indicator.  The  bent  tube  A  is 
placed  at  the  lower  part,  and  connected  by  a  short  link  to  a  long 
lever,  which  carries  the  pencil  B  at  its  upper  end.  The  p^»er  or 
card  is  fixed  on  a  brass  plate  C,  which  slides  up  and  down  on  a 
fixed  guide,  and  is  moved  by  a  pinion  working  into  a  rack  on  the 
back  of  the  plate.  This  pmion  carries  a  pulley  D  upon  its  axis. 
which  is  driven  by  a  string  firom  the  beam  or  parallel  motion  of  die 
engine.  This  pulley  can  be  removed,  and  replaced  by  others  of 
different  diameters ;  this  gives  great  facility  in  the  application  of 
^be  Indicator  to  different   engines,  especially  to   direct -acting 

Digitized  by  VjOOQ IC 


boubdom's  kbtaluc  babokbisks^  bto.  149 

enpneg,  whero  the  motion  may  be  taken  at  once  from  the  cross^iead 
by  employing  a  large  pulley.  The  pulley  and  pinion  are  mounted 
an  a  spindle  passing  through  a  fixed  hollow  pin.  A  spiral  spring  is 
attaohed  to  the  fixed  pin,  and  enclosed  in  a  flat  circular  box,  which 
fits  in  a  cavily  in  the  side  of  the  pulley ;  this  spring  serves  to  keep 
ihe  string  always  in  a  state  of  tension. 

The  long  lever  which  carries  the  pencil  turns  on  a  fixed  pin  at 
bottom,  and  prevents  the  pencil  from  being  moved  out  of  its  course 
by  the  firiction  of  the  paper  against  it,  which  might  happen  if  the 
pencil  were  attached  at  once  to  the  tube.  The  ends  of  the  figure 
drawn  on  the  paper  are  slightly  curved,  and  it  is  necessary  to 
measure  the  figure  with  a  curved  scale  of  the  same  radius  as  the 
lever. 

To  show  that  the  principle  may  be  carried  out  on  a  still  larger 
scale,  M.  Bourdon  has  constructed  a  single-acting  Steam  Engine,  in 
which  a  curved  flattened  tube  made  of  two  steel  plates  is  employed 
in  place  of  the  cylinder  and  piston.  This  engine  is  shown  in 
Fig.  24.  One  end  of  the  tube  A  is  fixed,  and  the  other  is  united 
by  a  connecting-rod  to  a  crank  B,  and  fly-wheel.  A  slide  valve  G,  is 
attached  to  the  fixed  end  of  the  tube,  and  worked  by  an  eccentric  D, 
on  the  crank  shaft.  The  steam  is  thus  alternately  a^lmitted  and 
discharged  from  the  tube,  and  the  engine  has  thus  been  worked  at 
a  speed  of  several  hundred  strokes  per  minute.  To  avoid  un- 
necessary loss  of  steam,  the  tube  is  filled  with  oil,  so  that  the  steam 
only  enters  a  portion  of  the  tube,  equal  to  the  increase  of  its 
capacity  produced  by  the  pressure  of  the  steam.  The  moving  end 
of  the  tube  A  is  guided  by  the  lever  E,  which  is  adjusted  to  move 
in  the  natural  path  of  the  end  of  the  tube  without  causing  any 
strain.  The  crank  B  is  slotted  with  a  moveable  crank  pin  for 
varying  the  length  of  stroke,  according  to  the  pressure  and  the 
corresponding  extent  of  motion  of  the  tube.  When  the  engine  is 
non-condensing,  the  crank  is  set  a  little  past  the  centre  when  the 
engine  is  at  rest,  but  when  the  engine  is  condensing,  it  is  set  near 
half-stroke  when  at  rest,  as  the  tube  expands  with  the  steam- 
pressure,  and  collapses  with  the  vacuum.  The  piston  friction  is 
avoided  in  this  engine,  and  it  may  therefore  be  found  economical  for 
small  engines. 
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In  all  cases  in  which  accuracy  of  indications  is  reqoired  in  the 
pressure-gauges,  it  is  advisable  to  prevent  the  steam  from  entering 
the  bent  tube,  whose  elasticity  would  be  reduced  as  long  as  it  re- 
mained in  a  heated  state.  This  is  readily  effected  by  causing  the 
pipe,  which  connects  the  gauge  to  the  boiler  or  engine  to  d6$c«nd  to 
the  gauge,  as  shown  at  E  in  Fig.  16  :  it  will  then  always  ranain 
Aill  of  Condensed  water,  and  the  gauge  tube  will  be  kept  cool. 


Mr.  C.  CowPEB  exhibited  specimens  of  the  different  instru- 
ments and  models^  illustrating  the  principle  of  action.  He  said 
the  steam  gauges  had  come  into  extensive  use  in  France,  and  he 
understood  they  were  found  very  satisfactory  and  trustworthy ; 
they  were  employed  by  the  Government  inspectors,  to  test  the 
pressure  of  steam  boilers  throughout  that  country. 

Mr.  Buckle  observed  that  they  appeared  most  useful  gauges 
for  general  application,  and  well  suited  to  many  different  pur- 
poses in  practice. 

Mr.  Peacock  said  he  had  made  trial  of  a  pair  of  these 
steam  gauges  for  the  last  eight  months,  on  the  boilers  of  a  steam 
boat,  working  at  25  lbs.  pressure,  and  he  had  found  them  quite 
satisfactory ;  they  had  not  gone  wrong  at  all  during  the  time, 
nor  had  the  index  taken  any  permanent  set. 

Mr.  C.  CowPER  remarked  that  the  application  of  the  princi- 
ple to  a  steam  engine  had  not  been  carried  out  on  a  large  scale ; 
an  engine  of  about  half  a  horse  power  had  been  made  to  show 
the  application,  and  had  been  sent  to  the  Exhibition.  The 
different  instruments  could  be  inspected  afterwards  and  ob- 
tained at  Mr.  Dewrance's  office  in  London. 

A  vote  of  thanks  was  passed  to  Mr.  Cowper  for  his  commu- 
nication, and  the  meeting  then  terminated. 

[Mr.  McConnell  having  been  obliged  to  leave  before  the 
termination  of  the  meeting,  the  Chair  was  then  taken  by 
Mr.  Buckle.] 
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PBOOEEDINGS. 


The  General  Meeting  of  the  Members  was  held  at  the 
liouse  of  the  Institution,  64,  Newhall  Street,  Birmingham,  on 
Wednesday,  28th  July,  1852 ;  Joseph  Whitwoeth,  Esq.,  in 
the  Chair. 

The  Minutes  of  the  last  General  Meeting  were  read  and 
confirmed. 

The  Chairman  announced  that  the  Ballot  Papers  had  been 
opened  by  the  Committee  appointed  for  the  purpose,  and  the 
following  new  Members  were  duly  elected : — 

Members ; 
William  Froudb,  Dartington,  Totness, 
William  L.  Kinmond,  Montreal,  Canada, 
Thomas  Ledger,  London. 


The  discussion,  adjourned  from  the  last  meeting,  was  then 
resumed,  upon  the  Paper  by  Mr.  Andrew  J.  Robertson,  of 
.London: — 

ON  THE  MATHEMATICAL  PRINCIPLES  INVOLVED  IN 
THE  CENTRIFUGAL  PUMP. 
The  general  result  arrived  at  by  the  investigation  in  this  Paper 
(see  Report  of  Proceedings,  29th  June,  185Q)  was  that  centrifugal 
action  is  not  an  economical  mode  of  applying  power  for  raising 
water,  and  that  the  theoretical  limit  to  the  useful  effect  to  be  obtained 
by  centrifugal  action  alone,  is  50  per  cent,  of  thejwictfr  employed; 
a  loss  of  50  per  cent,  of  the  power  being  caused  by  the  absorption 
of  power  in  the  tangential  velocity  given  to  the  water,  whilst  tlie 
radial  or  centrifugal  velocity  alone  is  effective  in  raising  the  water. 
But  the  practical  limit  of  the  useful  ejfect  is  reduced  to  75  per  cent, 
of  the  above  50  per  cent.,  or  only  37^  per  cent,  of  the  power 
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employed,  i&  consequence  of  the  unavoidable  losses  arising  from 
friction  and  practical  imperfections. 

The  following  supplementary  calculations,  illustrating  the  theoxy 
advanced  in  the  Paper,  were  supplied  by  Mr.  Stein  respecting  the 
results  to  be  obtained  from  the  experiment  with  Gwynne's  Cen- 
trifugal Pump»  that  was  described  by  Mr.  Edwards,  at  the  former 
meeting.  In  that  experiment,  recently  made  by  Mr.  Eklwards  ivith  a 
Centrifugal  Pump,  containing  some  further  improvements  of  his 
own  invention,  it  was  stated,  that  050  gallons  of  water  per  minute 
were  raised  to  a  height  of  17^  feet,  by  a  revolving  disc  13  inches 
diameter,  and  driven  at  800  revolutions  per  minute:  and  the 
driving  power  was  a  high-pressure  steam  engine,  with  S-ineh 
cylinder  and  IS-inch  stroke,  working  100  double  strokes  per  minute, 
with  an  effective  pressure  on  the  piston  of  about  431bs.  per  inch. 

The  piston  being  50^  inches  area  (8  inches  diameter),  and 
moving  at  the  velocity  of  800  feet  per  minute  (200  strokes  of  1 J  ft.). 

sq.  infl.       n>«.  ft. 

Thepower  expended  on  the  ]  60^  x  48  X  800  _ 
piston  of  the  engine  was  ] 33;oOO         "  '*  *  horse-power. 

gals.        lbs.          ft. 
660  X  10  X  174       „  _ 
The  effect  obtamed  was    33000 ~        horse-power. 

Therefore  the  ueefiU  effect  was  18  per  cent  of  the  power  expended. 

According  to  the  theory  of  the  Centrifugal  Pump  in  the  Paper, 
«*  the  power  expended  on  the  pump  is  measured  by  the  quantit]^  of 
water  delivered,  raised  to  twice  the  height  due  to  the  velocity  of  the 
circumference  of  the  arms  ;  whilst  the  tuefid  iffect  produced  is  the 
water  delivered,  raised  to  the  height  of  discharge."  In  the  above 
case  the  velocity  of  the  circumference  of  the  arms  was  2722  feet  per 
minute,  and  the  height  due  to  that  velocity  (or  the  height  of  fiall 
required  to  obtain  that  velocity  by  the  action  of  gravity)  is  32-3  feet 
and  twice  the  height  is  646  feet,  whilst  the  height  of  discharge  was 
1 7-6  feet. 

Consequently  the  theoretical  proportion  of  the  useful  effect  to 
thepower  expended  on  the  pump  would  be  1 7*5  to  64*6  ;  and  the  efed 
obtained  in  the  experiment  as^  above  being  34  horse-power,  ihe  potter 
required  to  produce  that  amount  of  mechanical  effect  under  these 
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circaiDstances  (without  considering  the  losses  from  friction  aad 

04-6 
practical  defects)  would  be  3-4  X  J7.5  =  1^*®  horse  power,  or  in 

this  case,  a  theoretical  efficiency  of  27  per  cent 

The  whole  power  employed  having  been  1 9*6  horse-power,  this 
leaves  7  horse-power,  or  35  per  cent. .of  the  whole,  as  the  loss  due 
to  friction  and  practical  defects,  both  in  the  engine  and  the  pump. 


The  Chairhan  asked  Mr.  Appold  to  give  the  particulars  of 
his  Centrifugal  Fump^  and  of  the  experiments  that  had  been 
made  with  it 

Mr.  Appold  showed  drawings  of  the  Pump  that  he  had 
shown  at  work  in  the  Exhibition  of  1861^  and  which  had  been 
experimented  upon  by  the  Jury  at  the  Exhibition.  The  re- 
volving fan  A  (see  Figs.  1  and  2,  Plate  68),  is  one  foot 
diameter,  and  three  inches  wide,  having  an  opening  one-half 
the  total  diameter  in  the  centre  of  each  side,  for  the  admission 
of  the  water,  and  a  central  division  plate  extending  to  the  cir- 
cumference, to  give  a  direction  to  the  two  streams  of  water,  and 
convenient  for  fixing  on  the  shaft;  the  six  arms  are  curved 
backwards,  terminating  nearly  tangential  to  the  circumference. 
The  revolving  fan  is  fixed  on  the  end  of  the  driving  shaft  B, 
passing  through  a  stuffing-box  in  the  side  of  the  casing,  and  it 
works  between  two  circular  cheeks  CC,  running  close  without 
actually  touching,  which  shields  the  outer  revolving  surfaces 
from  the  water,  but  allows  a  free  ingress  for  the  water  to 
enter ;  and  a  large  space,  DD,  is  left  all  round  the  circum- 
ference of  the  fan,  to  facilitate  the  escape  of  the  discharged 
water. 

Mr.  Appold  stated  that  a  series  of  experiments  had  been 
tried  with  his  Pump  at  the  Exhibition,  to  ascertain  the  per- 
centage of  useful  eflfect  that  was  yielded  by  it  when  raising 
water  to  different  heights.  These  experiments  were  conducted 
by  the  Jury  of  the  Exhibition,  and  the  power  employed  in  each 
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be  proportioned  to  tbe  work  to  be  done^  or  it  will  not  gnre  a 
maximum  effect. 

In  tbe  Centrifogal  Pump,  the  Telocity  of  the  circumferacice 
most  be  constant  for  all  sizes  of  pump  for  the  same  height  of 
lift ;  that  is,  a  pump  1  inch  diameter  must  make  19  times  the 
number  of  revolutions  per  minute  of  one  12  inches  diameter, 
and  both  pumps  will  then  raise  the  water  to  the  same  height, 
but  the  quantity  of  water  delivered  will  be  144  times  greater 
in  tlie  IS-inch  pump,  being  in  proi>ortion  to  the  area  of  the 
disdiarging  orifices  at  the  circumference,  or  the  square  of  the 
diameter,  when  the  proportion  of  breadth  was  k^pt  the  same, 
namely,  l-4th  of  the  diameter  in  each  case. 

Mr.  Appold  showed  a  small  pump,  of  the  same  proportions, 
but  only  1  inch  diameter  (the  same  actual  size  as  the  engraving 
in  plate  68),  with  which  similar  experiments  had  been  tried  as 
with  the  1  foot  pump,  and  proportionate  results  were  obtained. 
This  pump,         1  inch  diam'.  discharged       10  gall,  per  min. 
And  one  1  foot     „  „  1440    „      „      „ 

Consequently,  10  feet     „  „         144000    „      „      „ 

The  height  that  the  water  was  lifted  being  the  same  in  each 
case,  if  the  velocity  of  the  circumference  was  the  same. 

A  velocity  of  500  feet  per  minute  of  the  circumference 
raised  the  water  1  foot  high,  and  maintained  it  at  that  level 
without  discharging  any;  and  a  double  velocity  raiaed  the 
water  to  four  times  the  height,  as  the  centrifugal  force  was  pro* 
portionate  to  the  square  of  the  velocity ;  consequently 

600  feet  per  min.  raised  the  water    1  foot  without  discharge. 
1000         „  „  „  4     „  „ 

2000        „  „  „  16    „ 

4000        „  „  „  64    „  „ 

The  greatest  height  to  which  ihe  water  had  been  raised,  without 
discharge,  in  the  experiments  with  the  1  foot  pamp^  was  67*7 
feet,  with  a  velocity  of  4168  feet  per  minute,  being  rather  less 
than  the  calculated  height,  owing  probably  to  leakage  with  the 
greater  pressure. 
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A  velocity  of  1128  feet  per  minute  raised  the  water  5^ 
feet  without  any  discharge,  and  the  maximum  effect  from  the 
power  employed  in  raising  to  the  same  height  5}  feet,  was 
obtained  at  the  velocity  of  1678  feet  per  minute,  giving  a  dis*- 
charge  of  1400  gallons  per  minute  from  the  1  foot  pump.  The 
additional  velocity  required  to  effect  the  discharge  is  550  feet 
per  minute ;  or  the  velocity  required  to  effect  a  discharge  of 
1400  gallons  per  minute,  through  a  one-foot  piunp,  working  at 
a  dead  level  without  any  height  of  lift,  is  550  feet  per  minute ; 
consequently,  adding  this  number  in  each  case  to  the  velocity 
given  above  at  which  no  discharge  takes  place,  the  following 
velocities  are  obtained  for  the  maximum  effect  to  be  produced 
in  each  case : — 

1050  feet  per  minute  velocity,  for    1  foot  height  of  lift. 

1650  „  „  4        „        „ 

2550  „  „  16        „        „ 

4550  „  „  64        „        „ 

Or  in  general  terms,  the  tdocity  in  feet  per  minute  for  the 
circumference  of  the  pump  to  be  driven,  to  raise  the  water  to  a 
certain  height,  is  equal  to — 

550  -j-  (600  Vheight  of  lift  in  feet). 

Mr.  Benjamin  Gibbons  observed,  that  in  the  per-centage 
of  effect  obtained  from  a  given  power,  he  did  not  think  the 
centrifugal  pump  could  exceed  an  ordinary  piston^pximp  of 
good  construction,  where  a  large  quantity  of  water  was  to  be 
lifted  a  small  height. 

Mr.  Appold  replied  that  he  did  not  know  a  piston-pump 

that  yielded  so  good  a  duty  as  70  per  cent.,  which  might  be  taken 

as  the  effect  obtained  from  his  centrifrigal  pump,  when  working 

at  the  most  effective  velocity.     The  greatest  result  obtained  in 

the  experiments  at  the  Exhibition,  was  68  per  cent,  but  some 

allowance  had  to  be  added  in  that  case  for  the  leakage  through 

several  large  wood  valves,  4  feet  long,  faced  with  leather,  which 

were  fixed  in  the  suction-pipe  of  the  pump,  to  pump  the  water 

from  different  levels. 

I 
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Mr.  B.  Gibbons  said  he  considered  that  a  good  plunger- 
pump  would  exceed  70  per  cent,  in  duty. 

Mr.  Appold  remarked  that  there  were  some  situations  where 
it  was  the  most  important  consideration  for  a  pump  to  be  quickly 
and  readily  appUed,  that  would  discharge  a  very  large  quantitr 
of  water ;  and  the  centrifugal  pump  was  found  very  advantageous 
in  such  cases,  where  the  work  could  not  probably  be  effected  by 
other  means.  In  one  instance,  in  putting  in  the  foundations  of 
harbour  works  at  Dorer,  a  large  quantity  of  water  of  2000  to 
8000  gallons  per  minute  was  pumped  out  by  one  of  these  pumps* 
which  could  not  haye  been  accomplished  in  the  time  by  any 
other  means,  from  the  difficulty  and  delay  of  fixing  ordinair 
pumps  of  that  great  capacity.  The  centrifugal  pump  had 
another  important  advantage  for  such  applications  from  having 
no  valves  in  action  when  at  work,  which  enabled  it  to  pass 
large  stones,  and  almost  anything  that  was  not  too  large  to 
enter  between  the  arms. 

The  largest  pump  constructed  at  present  on  this  plan,  was 
erected  at  Whittlesea  Mere,  for  the  purpose  of  draining,  and  has 
worked  there  nearly  a  year  with  complete  success.  The  pump 
is  4  J  feet  diameter,  with  an  average  velocity  of  90  revolutions 
or  1250  feet  per  minute,  and  is  driven  by  a  double-cylinder 
steam  engine,  with  steam  40  lbs.  per  inch,  and  vacuum  13|>  lbs. 
per  inch ;  it  raises  about  15,000  gallons  of  water  per  minute,  an 
average  height  of  4  or  5  feet.  The  cost  of  the  engine  and  pump 
was  about  £1,600.  The  following  experiments  were  tried  to 
ascertain  the  per-centage  of  effect  obtained  from  the  pump ; — the 
power  employed  being  measured  by  taking  indicator-figures  from 
the  engine,  deducting  in  each  case  the  power  that  was  indicated 
when  the  engine  was  working  at  the  same  speed  without  the 
pump,  which  was  found  to  take  10*6  horse-power.  The 
quantity  of  water  discharged  was  measured  by  calculating  the 
overflow  from  an  opening,  6  feet  wide  in  each  caae. 
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No.  ofEzperlmeiit   

1 

s 

a 

4 

Velocity  of  Circumference  of 

Pump,  in  feet,  per  minute. 

1159 

1867 

1801 

1829 

Height  of  lift  of  the  water,  in 

feet  and  inches 

S-0 

4-1 

5"0 

6-1) 

Depth  of  water  at  point  of 

overflow     A 

1-4 

1-5J 

l"8f 

1-2 

Ditto  at  17  feet  distance      B 

1-7 

1-8^ 

l"6f 

1-5 

Gallons  discharged  per  min.. 

according  to  the  depth     A 

12429 

14223 

11706 

9545 

Ditto            ditto B 

16104 

18023 

15288 

13606 

Theoretical  discharge 

17400 

21687 

16768 

12803 

Horse-power  eiSective  in  rais- 

ing the  quantity        ...      A 

11-34 

16-88 

1779 

1717 

Ditto            ditto B 

U-70 

22-38 

23-24 

24-49 

Horse-power      employed     in 

working  the  Pump    

2300 

40-90 

29-90 

39-80 

Per-centage  of  eflFect  to  power 

employed,  hy  calculation  A 

49 

41 

60 

43 

Ditto             ditto B 

64 

55 

78 

61 

The  true  result  would  be  between  these  two  calcidations  A 
and  B^  and  the  maximum  effect  might  probably  be  taken  at 
about  68  per  cent,  of  the  power ;  the  same  result  as  that  obtained 
from  the  Exhibition  experiments. 

Mr.  B.  Gibbons  observed  that  this  Centrifugal  Pump  ap- 
peared a  very  ingenious  machine,  and  very  useful  for  some 
purposes ;  but  the  object  was  to  obtain  the  plan  which  gives 
the  greatest  per-centage  of  duty,  or  the  least  waste  of  power. 
He  was  of  opinion  that  for  ordinary  lifts,  of  say  10  to  30  feet,  a 
bucket-pump  of  good  construction  performs  more  than  70  per 
cent,  duty,  and  would  be  found  consequently  more  economical  in 
power  than  a  centrifugal  pump. 
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Mr.  Appold  said  he  foimd  the  Centrifugal  Pomp  more 
advantageous  for  low  lifts  below  20  feet,  than  for  higher  lifts; 
but  its  most  advantageous  application  was  as  a  tidal  pump, 
where  the  height  of  lift  was  continuallj  varying,  because  it 
discharged  more  water  the  lower  the  lift,  the  pump  still  going 
at  the  same  speed;  but  other  pumps  generally  discharge  oidy 
their  cubic  contents,  no  matter  how  low  the  lift;.  In  one 
centrifugal  pump,  erecting  at  Shoreham,  the  height  of  lift  will 
vary  between  30  feet  and  nothing  at  different  times  of  the  tide. 

Mr.  Elwell  inquired  whether  a  centrifugal  pump  would 
be  advantageous  to  be  applied  with  a  water-wheel,  to  assist  in 
keeping  the  water«wheel  at  work,  by  returning  a  portion  of  the 
water,  when  the  supply  was  short  ? 

Mr.  Appold  replied,  that  one  of  these  pumps  had  been 
applied  for  that  purpose  by  Messrs.  Curtis,  at  the  Hounslow 
Powder  Mills^  to  keep  the  water-wheel  going  constantly  in  the 
summer  time,  when  short  of  water.  The  water  was  pumped  up 
7  feet  high,  by  rimning  the  steam-engine  a  few  hours  extra  at 
night,  at  a  small  expense,  which  completely  kept  up  the  supply 
for  the  water-wheel,  and  avoided  bringing  the  engine  any 
nearer  the  Powder  MiUs.  The  centrifugal  pump  was  very 
convenient  and  economical  for  this  purpose,  and  the  result  was 
found  60  satisfactory,  that  a  second  pump  was  going  to  be 
erected  for  a  similar  purpose. 

The  Cqairman  inquired  whether  Mr.  Appold  considered 
the  spiral  form  of  the  arms  an  essential  point  in  his  pump, 
instep  of  the  r^al  9xmB  in  the  other  centrifugal  pumps  ? 

Mr,  Appold  replied  that  the  oblique  position  of  the  arms  was 
piost  important,  and  the  large  amount  of  duty  obtained  from  his 
pump  was  entirely  owing  to  it ;  he  had  at  first  tried  straight 
arms  inclined  at  45**,  but  he  found  that  the  curved  arms  ending 
nearly  in  a  line  with  a  tangent  to  the  outer  circumference,  gave 
the  greatest  effect,  The  superior  action  of  oblique  arms  to 
radial  arms  might  be  illustrated  by  supposing  a  vertical  arm 
AB  (see  Fig  S,  Plate  68)  to  move  in  a  straight  line  to  CD,  in- 
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stead  of  moving  round  in  a  circle  in  the  pump^  and  the  body  A, 

representing  a  particle  of  water,  wotdd  then  be  simply  moved 

along  to  C  with  the  arm,  without  having  any  tendency  to  be 

propelled  outwards  along  the  arm  to  B.     But  if  an  oblique  arm 

AJE  is  employed,  moving  in  the  same  direction  as  before  to 

the  position  CB,  it  propels  the  particle  A  outwards  towards  B, 

having  an  inclined-plane  action  to  push  the  particles  of  water 

outwards  from  the  centre  towards  the  circumference.    When 

this  was  applied  to  a  circular  motion,  and  the  direction  AC  bent 

into  a  circle,  the  inclined  arm  AE  became  curved  in  a  spiral 

direction  like  the  arms  in  the  pump.     The  comparative  value  of 

the  different  forms  of  arms  was  proved  by  the  experiments  at 

the  Exhibition  mentioned  before ;  the  curved  arms  gave  a  duty 

of  68  per  cent.,  the  inclined  arms  43  per  cent.,  and  the  radial 

arms  only  24  per  cent. ;  and  he  understood  that  the  two  other 

centrifugal  pumps  of  Mr.  Gwynne  and  Mr.  Bessemer,  which 

were  also  experimented  upon  at  the  Exhibition,  did  not  give  a 

higher  duty  than  S4  per  cent.,  as  they  both  had  straight  radial 

arms.  The  experiments  woidd  be  all  published  in  the  report  of  the 

Jury.   The  facts  quite  bore  out,  therefore,  the  conclusions  arrived 

at  by  the  investigation  in  the  paper  that  had  been  read,  as  to  the 

effects  to  be  obtained  from  centrifrigal  action  with  radial  arms. 

Mr.  Clift  observed  that  if  there  were  no  advantage  in 
amount  of  duty  in  Mr.  Appold's  pump,  there  was  certainly  a 
great  advantage  in  point  of  cost,  and  in  convenience  of  appli- 
cation for  many  purposes.  He  proposed  a  vote  of  thanks  to 
Mr.  Appold  for  his  attendance  at  the  meeting,  and  the  in- 
formation he  had  afforded. 

The  vote  of  thanks  was  then  passed. 

The  following  paper,  by  Mr.  George  H.  BoviU,  of  London, 
was  read. 

ON  A  NEW  IMPROVED  SCREW  PROPELLER. 
The  Screw  Propeller  has  now  become  so  in^ortant  a  feature  in 
steam  navigation,  that  the  writer  has  thought  it  a  subject  of 
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sufficient'interest  to  induce  him  to  bring  under  the  considemdon 
of  the  Members,  of  the  Institution  of  Mechanical  Engineers,  as  veU 
as  the  owners  of  screw  vessels,  some  most  important  experiments 
made  under  his  own  directions  upon  a  new  propeller,  invented  and 
patented  by  Mr.  Griffiths,  which  is  in  its  form  and  general  prin- 
ciples diametrically  opposite  to  the  screws  adopted  by  the  Gorem- 
ment,  and  by  all  the  Marine  Engineers  of  the  present  day. 

The  screws  generally  used,  as  shown  in  Plate  70,  are  formed  of 
two  blades  continued  down  to  the  shaft,  the  boss  or  centre  being 
reduced  to  the  smallest  possible  size  consistent  with  strength.  The 
Government,  by  their  elaborate  experiments  with  the  "  Rattler,** 
"  Minx,"  &c.,  appear  to  have  determined  thus  far  the  general  outline 
of  principles  for  constructing  the  screw,  but  the  correct  pitch* 
diameter,  and  length,  as  well  as  the  number  of  blades  necessaiy  for 
obtaining  the  best  results,  are  still  matters  upon  which  scarcely  tw> 
engineers  agree,  and  the  equally  important  point,  the  correct  speed 
to  drive  the  screws,  is  a  still  greater  matter  of  doubt;  and,  notwith- 
standing the  great  labour  and  expense  that  have  been  bestowed  on 
the  subject  by  many  engineers  of  eminence,  to  whom  we  are  in- 
debted for  bringing  the  subject  to  its  present  state  of  practical 
utility,  yet  there  appear  no  fixed  and  certain  rules  arrived  at  for 
constructing  the  screws  and  determining  the  speed  at  which  thej 
shall  be  driven  to  produce  a  given  result.  On  reference  to  Mr. 
Murray's  valuable  work  on  Steam  Vessels  and  the  Screw,  it  will  be 
fbund,  on  comparing  the  various  vessels  in  her  Majesty's  Navy,  that 
the  most  singular  circumstances  occur  in  the  comparative  propor- 
tions of  screws,  as  well  as  the  speeds  expected  from  the  engines,  com- 
pared with  the  actual  revolutions  obtained  on  trial. 

In  the  year  1849,  Mr.  Griffidis  explained  to  the  writer  his  then 
crude  notions  for  removing  the  defects  of  the  ordinary  screw.  The 
idea  was  so  original,  and  appeared  to  him  so  correct,  that  he  at 
once  instituted  a  series  of  experiments,  which  proved  to  him  the 
great  importance  of  the  invention,  and  induced  him  to  make  furtlier 
experiments,  which  he  believes  will  have  removed  the  uncertainty 
and  objections  that  smTOund  the  ordinary  screw,  thus  rendering  its 
future  application  and  results  as  certain  as  the  paddle-wheel. 
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The  construction  of  the  New  Propeller  is  shown  in  "Plate  71. 
Fig.  5  is  an  end  view  in  a  line  with  the  shaft ;  Fig.  6  is  a  longitu- 
dinal section,  and  Fig.  7  a  plan.  Each  of  the  propeller  blades 
A  A  A  is  separate,  and  ends  in  a  strong  spindle  B,  which  turns  in  a 
socket  in  the  centre  boss  fixed  on  the  propeller  shaft  C.  A  cross 
arm  D  is  fixed  in  the  spindle  B,  to  turn  round  the  blade  and  hold  it 
in  any  required  position,  this  arm  working  in  a  slot  in  the  socket, 
and  the  end  of  the  arm  is  connected  by  a  pin  to  the  block  E,  which 
glides  in  an  oblique  groove  (shown  in  the  plan,  Fig.  7).  This  groove 
is  formed  in  a  ring  F,  which  slides  upon  a  feather,  so  as  to  revolve 
with  the  main  shaft,  and  is  moved  by  the  bell-crank  lever  G,  which 
is  centred  in  the  rudder  post  of  the  vessel,  and  is  worked  by  a  screw 
and  handle  upon  deck,  on  the  top  of  the  rod  H ;  by  moving  which 
the  pitch  of  the  propeller  blades  is  easily  altered  to  any  required 
degree,  and  maintained  in  the  same  position,  the  strain  being  very 
small,  as  the  blades  are  nearly  balanced  like  a  throttle-valve,  having 
only  a  slight  surplus  of  tendency  to  increase  the  pitch,  or  become 
more  in  line  with  the  shaft.  The  whole  of  the  apparatus  is  con- 
tidned  within  the  spherical  casing  II,  one-third  the  diameter  of  the 
propeller,  which  effectually  protects  it  from  injury. 

It  will  be  seen  that  the  form  of  this  Propeller  is  opposed  to  ail 
the  received  notions  of  a  correct  Screw  Propeller.  The  first  leading 
feature  is,  that  instead  of  continuing  the  blades  down  to  the  shaft, 
and  keeping  the  centre  boss  as  small  as  possible,  one-third  of  the 
entire  diameter  is  filled  up  as  a  sphere,  as  shown  by  the  dotted 
circle  in  Figs.  1  and  2,  Plate  70.  In  the  experiments  which  Mr. 
Griffiths  and  the  writer  made,  it  was  ascertained  that  the  centre 
part  of  the  blades  of  the  ordinary  screws,  included  within  the 
dotted  circle,  absorbed  aO  per  cent,  of  the  power,  without  having  any 
propelling  effect,  in  consequence  of  that  part  of  the  blades  (parti- 
cularly in  coarse  pitched  screws)  being  nearly  in  a  line  with  the 
shaft,  the  effect  being  when  working  to  hurl  the  water  off  by  its 
flapping  and  centrifugal  action  at  right  angles  to  the  shaft,  and 
seriously  disturbing  the  more  solid  water  upon  which  the  more 
effective  portion  of  the  screw  should  act.  The  great  vibration  at 
the  stem  of  all  screw  vessels  arises  from  this  fiappmg  action  of  the 
aattep  portion  of  the  blades  in  their  downward  course,  striking  the 
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denser  water  below  them,  which,  affording  a  greater  resistanee  tibcE 
the  water  above  the  blade  in  its  upward  course,  produces  this  efii 
vibration,  at  an  enormous  sacrifice  of  power.  The  effiset  of  tiii 
destructive  action  can  be  i^ppreciated  hj  the  fact,  that  Screw  Yesadb 
if  trimmed  say  two  inches  by  the  stem,  when  under  canvas  or  si 
anchor,  will  suddenly  be  two  inches,  down  by  the  head  the  momeai 
the  engines  are  set  to  work ;  in  point  of  fact,  a  large  amoimt  of 
engine  power  is  exerted  in  lifting  the  stem  of  the  ship  out  of  ii» 
water,  by  tho  action  of  the  flat  part  of  the  screw  blades,  as  deseifi^ed. 
The  ball  shown  in  the  drawing  is  made  to  cover  this  destmetrn 
portion  of  the  screw  blades,  or  rather  is  substituted  for  the  centnl 
third  portion  of  the  screw,  as  shown  by  the  dotted  circle  in  Kgs. 
1  and  12,  Plate  TO.  It  will  be  seen  that  the  power  required  to  revobe 
this  in  the  water,  at  a  great  velocity,  is  insignificant  compared  with 
driving  two  or  three  comparatively  flat  blades  of  the  same  diameter, 
which  may  be  &irly  compared  to  the  centre  of  a  centrifugal  pump. 
That  there  can  be  no  tendency  to  vibrate  the  stem  of  the  vessel  is 
obvious,  nor  does  the  trim  of  the  vessel  alter  in  the  least  degree 
when  under  the  action  of  the  New  Propeller.  Moreover,  from  the 
water  not  being  violently  agitated  by  the  centrifugal  action,  the 
effective  parts  of  the  propellers*  blades  are  screwing  in  stiller  and 
more  solid  water,  producing  a  better  result,  and  with  a  considerable 
less  amount  of  slip.  The  water  leaves  the  Propeller  in  a  direct  line 
with  the  vessel,  and  without  the  commotion  resulting  firom  the 
ordinary  screw ;  the  strength  of  the  screw  is  much  increased  bj 
this  form,  which  also  affords  great  facility  for  replacing  the  blades 
in  case  of  accident,  to  which  Screw  Vessels  in  channel  and  river 
navigation  are  peculiarly  liable. 

The  second  important  feature  is  the  form  of  the  bladea,  yrhich 
instead  of  being  larger  at  the  extremities  are  preciseiy  the  revem. 
The  best  form  the  writer  has  found  to.be  as  shown  in  the  draw- 
ing, Plate  7 1,  Fig.  1.  The  breadth  of  the  blades  is  the  full  diameter 
of  the  sphere  at  the  root,  tapering  to  }  of  this  size  at  the  peripheiy, 
at  which  part  they -are  about  i  only  of  the  size  of  the  ordinaiy  screw 
blade ;  and  with  these  proportions,  so  complete  is  the  hold  this  Pro- 
peller has  upon  the  water,  that  it  has  been  requisite  in  practice 
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even  to  reduce    the  diameter  considerably  below    the    ordinary 
screw. 

The  water  which  follows  the  wake  of  the  ship,  and  what  the 
sailors  call  the  "  dead  water,'*  may  be  compared  to  the  eddies  below 
the  piers  of  abridge  through  which  a  rapid  tide  runs,  and  where,  as 
every  one  knows,  the  water  is  dead  or  in  a  state  of  rest,  the  more  so 
at  the  very  centre  of  the  pier.  In  a  precisely  similar  condition  is 
the  dead  water  of  a  vessel,  the  water  being  most  solid  towards  the 
centre*  and  gradually  becoming  less  so  until  mixed  in  the  current 
running  beyond  the  width  of  the  ship.  It  must  be  obvious  that  the 
nearer  the  work  can  be  applied  to  the  screw  shaft  the  better  mecha- 
nical result  wiU  be  obtained ;  the  arrangement  of  the  blades  of  the 
new  Propeller  has  been  so  contrived  that  their  broad  part  is  made 
at  the  ball,  so  that  advantage  is  taken  of  the  central  dead  water 
just  described,  to  obtain  the  utmost  duty  from  the  propeller  blade 
at  its  root  or  as  near  the  screw  shaft  as  the  central  ball  will  admit. 
The  blades  are  reduced  towards  the  periphery  to  meet  the  difference 
of  velocity  at  which  they  travel  through  the  water.  So  effective  is  the 
hold  of  these  blades  upon  the  water  from  the  causes  described,  that 
the  writer  has  found  in  practice  the  speed  of  the  Propellers  can  be 
reduced,  with  the  greatest  advantage,  one-third  below  the  velocity 
foand  necessary  for  the  ordinary  screw,  a  fact  which  every  engineer 
will  admit  to  be  of  great  value,  seeing  the  many  mechanical  difficul- 
ties which  present  themselves  in  obtaining  the  speed  hitherto  con- 
sidered necessary. 

The  screw  has  hitherto  almost  entirely  been  applied  as  auxiliary 
power,  and  where  large  power  has  been  employed  has  never  yet  been 
made  to  equal  the  speed  of  the  paddle-wheel.  The  imperfections 
of  the  screw  appear  hitherto  to  have  placed  a  limit  on  the  speed  it 
was  possible  to  obtain. 

In  those  vessels  where  a  large  amount  of  engine  power  was 
applied,  no  adequate  increase  of  speed  was  obtained,  and  in  the 
case  of  the  "  Bifieman  "  and  others,  which  were  altered  and  the 
engine  power  absolutely  reduced  one  half,  as  good  a  result  was 
obtained  after  the  alteration  as  with  the  larger  power;  showing 
that   beyond   a  given    power   the  water    is   screwed    through    the' 
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screw,  instead  of  the  vessel  being  screwed  through  the  water.  Tfaia 
action  takes  place  in  all  screw  vessels  to  a  most  serious  degreeb 
when  going  head  to  wind,  or  in  towing,  when  the  engines 
make  their  full  number  of  revolutions,  but  have  little  e£fect  in  pro- 
pelling the  ship.  The  perfect  hold  that  the  new  Propeller  haa  also 
under  such  circumstances  upon  the  water,  bids  £Eiir  entirely  to 
remove  these  difficulties,  and  will  tend  greatly  to  increase  the  value 
of  the  screw  as  a  propeller. 

The  new  Propeller  was  applied  to  a  tug-boat,  the  *^Lady  Emily,' 
1 2  horse-power,  diameter  of  screw,  3  feet  8  inches,  on  the  Kennet  and 
Avon  Canal,  under  the  direction  of  Captain  Morrice,  KN.,  the  ma- 
nager ;  and  the  results  showed  that  with  one  barge  laden  with  60  tons, 
she  went  from  Bath  to  Bristol,  deducting  stoppages  going  throng 
locks,  in  df  hours,  the  distance  being  18  miles.  As  other  barges  were 
added,  the  speed  was  reduced,  and  the  engines  were  pulled  up  in  exact 
proportion  to  the  reduction  of  speed.  The  revolutions  of  the  Pto- 
peller  without  any  barge  in  tow,  were  %\0  per  minute;  with  a  00  tons 
loaded  barge,  they  were  reduced  to  180;  with  two  baiges,  to  160 
revolutions  per  minute. 

The  question  of  the  pitch  of  the  ecrew  appears  hitherto  to  have 
baffled  all  those  who  have  experimented  upon  it;  die  ordinaxy 
theory  being  that  an  increasing  of  the  screw's  pitch  should  either 
pull  up  the  engines,  or  increase  the  speed  of  the  vessel  in  propo^ 
tion  to  such  increase  of  pitch ;  but  all  the  practice  hitherto  has 
proved  this  not  to  be  the  case,  and,  consequently,  the  screws  haTe 
been  made  without  any  power  of  altering  the  pitoh  to  meet  the 
variations  of  winds  and  currents,  to  which  all  sea-going  vessels  are 
subject;  and  they  have  been  thus  deprived  of  what  would  appear 
to  be  the  most  valuable  feature  of  the  screw,  viz.,  its  power  of 
adapting  its  pitoh  to  meet  every  contingency.  It  has  been  found 
by  the  experiments  that  with  the  new  Propeller  the  engineer  can 
control  the  speed  of  his  engines  at  pleasure,  by  increasing  or  dimin- 
ishing  tlie  pitoh  of  the  blades,  so  that  in  a  fair  wind  the  full  power 
of  the  engines  may  be  exerted  in  efifectually  propelling  the  veas^ 
instead  of  consuming  fuel  in  driving  round  the  engines  (with  a  fine 
pitehed  screw)  to  no  purpose ;  and  again,  in  going  head  to  wind. 
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by  dimiiiifihing  the  pitch  the  engines  can  be  made  to  give  out  their 
utmost  duty  with  a  certunty  of  effectually  propelling  the  vessel. 
The  large  central  bail  affords  the  opportunity  of  constructing  a  most 
simple  and  effective  arrangement  for  altering  the  pitch  of  the  blades, 
and  feathering  them  parallel  to  the  shaft  when  not  required  for  pro- 
pelling. The  captun  or  engineer  of  the  vessel  can  alter  the  pitch 
at  pleasure  without  even  stopping  the  engines,  the  speed  of  which 
is,  by  means  of  this  I4)paratus,  as  completely  under  control  as  with 
a  throttle  valve. 

A  most  serious  disadvantage  hitherto  of  the  screw  as  a  propeUer, 
compared  to  die  paddle-wheel,  has  been  the  great  difficulty  of  going 
astern,  and  many  serious  accidents  have  happened  to  screw  vessels 
IB  crowded  navigations,  from  its  being  out  of  the  power  of  the 
captains,  when  in  difficulty,  to  go  quickly  asterh ;  so  soon  as  stem 
way  is  obtained,  screw  vessels  will  not  steer,  and  become  un- 
manageable. During  the  experiments  in  the  "  Eanger  "  with  the 
new  Propeller,  die  vessel  was  frequently  stopped  when  at  full  speed, 
the  engines  reversed,  and  the  ship  brought  quickly  astern,  nearly  as 
quick  as  a  paddle  vessel,  and  a  run  was  made  above  a  mile  astern, 
full  speed,  between  Woolwich  and  Erith,  steering  among  the  various 
craft  as  easily  as  when  going  ahead.  This  fact  gives  further  con- 
vincing proof  of  the  complete  power  which  this  propeller  gives  the 
captain  over  his  vesseL  This  power  of  going  astern  will  be  of 
enormous  value  to  vessels  of  war  in  manceuvring  in  an  engage* 
ment,  which  they  do  not  now  possess. 

It  will  be  clear  by  the  accompanying  Table  of  trials  made  upon 
the  "  Eagle,"  that  as  the  pitch  was  increased,  so  was  the  engine 
brought  up  in  her  speed.  The  comparative  slip  between  the  new 
screw  and  the  old  one  at  same  pitch,  7ft.  6in.,  is  272  yards  per  mile,  or 
13  per  cent  with  the  former,  against  665  yards,  or  27  per  cent,  with 
the  latter;  the  gain  with  the  same  pitch  being  an  increased  speed 
of  J-mile  per  hour,  with  27  revolutions  per  min.  less  of  the  engines, 
making  16  per  cent  less  consumption  of  power  and  coals.  At  the 
9ft  61n.  pitch  the  increased  speed  is  |  of  a  mile  per  hour,  with  36 
revolutions  per  min.  less  of  engine,  making  a  saving  of  22  per  cent. 
The  table  also  contains  trials  of  the  '*  Ranger,"  300  tons,  in  London, 
and  the  '*  Weaver,*'  at  Liverpool,  the  whole  of  the  experiments  illus- 
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traling  the  foregoing  arguments.     A  sheer  plan  of  the  "  WeaTer**  is 
giyen  in  Fig.  4,  Plate  70. 
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EXPLANATION  OF  TABLE. 
TriaU  of  the  Eagle  at  Bristol,  June,  1851. 

i|i»flki  high>|«<MPre  Engine,  oylinder  26  inebes  diameter,  18  inohee  stroke,  screw  wortnd  by 
direct  action.    Yeesel  and  Engine  by  Lunell  &  Co.,  BriatoL 

No.  I  Trial — ^Average  of  several  pair  of  runs  with  Common  Pro- 
peller. 

Nos.  2  to  5 — Average  of  four  pair  of  runs  with  New  Propeller. 

Kon.— The  New  Propeller  was  made  4  feet  2  inches  in  diameter,  bat  the  opening  in  the  Teasel 
having  been  increased  daring  construction  to  ft  feet,  the  Propeller  was  enlarged  in 
diameter,  by  welding  pieces  on  the  points  of  the  bladea,  which  were  thereby  thrown  oat 
of  their  proportionate  sixe. 


TriaU  of  the  Banger,  at  Long  Beach,  December,  1851. 

Pnir  of  Condensing  Engines,  cylinders  27  inches  diameter,  24  inches  stroke,  screw  worked  by  gear 
of  106  to  40.    Teasel  and  Engines  by  Miller  and  Savenhill. 

No.  6  Trial — Single  run  with  Common  Propeller,  with  a  40 
minutes  ebb-tide,  and  wind  in  favour. 

No.  7 — Single  run  at  top  of  tide,  with  New  Propeller  at  the 
coai'sest  pitch. 

27 oT,(._The  Banger  being  employed  on  a  station  from  which  it  was  impossible  to  spore  her  for  the 
porpoeen  of  experiment,  thexe  was  no  opportunity  of  making  a  proper  set  of  trials  to 
compare  her  ordinary  screw  with  the  new  propeller;  but  her  speed  was  taken  at  the 
meaaared  mile,  when  going  out  with  a  cargo,  with  a  40  minutes  ebb-tide  and  wind  in 
her  bToar,  as  given  in  No.  6  triaL 

No.  8 — Run  down  with  tide,  with  the  New  Propeller. 

No.  9 — Run  up  against  tide,  with  the  New  Propeller,  showing  a 
redaction  of  4  revolutions  per  minute  of  the  Engine,  with  same 
pitch  of  screw. 

No.  10 — Average  of  Nos.  8  and  9  trials. 

NoTB.— The  pitch  of  the  New  Propeller  was  subsequently  reduced  to  5  feet  2  inch  when  nuning 
against  tide,  which  allowed  the  Engines  to  get  up  to  70  revolotions  per  minute,  by  which 
a  speed  of  7*95  statute  miles  per  hour  against  tide  was  obtained,  and  this  added  to  the 
run  down  with  tide  No.  8  at  6  Ceet  8  inch  pitch,  gives  an  average  speed  of  10*69  miles 
per  hour. 


TriaiU  of  the  Weaver  at  Liverpool,  June,  1852. 

Pair  of  Oondensing  Engines,  cylinders  22  inches  diameter,  15  inch's  stroke,  screw  worked  by  gear 
of  4  to  1.    Vessel  by  John  Laird,  Birkenhead,  Engines  by  Fawcett  Preston  &  Co. 

No.  11  Trial — Average  of  pair  of  runs  with  Common  Propeller, 
from  Woodside-pier  to  Eastham-pier,  5|  statute  miles. 

Ylo.  12 — Average  of  pair  of  runs,  between  the  same  places ;  with 
game  state  of  tide  as  No.  11  trial,  in  the  preceding  week,  but  wind 
'sti'ong  and  unfavourable,  and  a  heavy  sea. 
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A  modd,  DlustEatiiig  the  principle  of  the  New  Propdkrs 
was  exhibited  by  the  Secretary  (Mr.  Bovill  havrng  been  pre- 
▼e&ted  fixxm  attendiBg  the  meetmg).  The  modd  ahowed  an 
ordinary  screw  propeller,  which  was  divided  into  three  portaoos, 
like  the  drawing  in  Plate  70,  so  that  one-third  of  the  pnpdks 
in  the  centre  coold  be  removed,  and  a  ball  of  the  same  diameter 
substitated,  upon  which  the  two  blades  forming  the  remoindsr 
of  the  propeller  were  then  fixed,  in  the  same  relative  positiaia 
as  in  the  original  propeller. 

Mr.  Prbstok  said  he  had  witnessed  the  experimentB  made 
on  the  '*  Weaver,"  that  were  described  in  the  Paper,  and  could 
confirm  the  statement  made  as  to  the  superiority  of  the  New 
Propeller  in  the  diminution  of  slip,  and  the  increase  of  speed 
of  the  vessel.  He  did  not  perceive  any  superiority  in  the 
amount  of  back-water  produced ;  in  going  a-head  the  vessel 
dipped  a-stem  with  both  propellers,  and  he  did  not  perceive 
any  difference;  but  it  was  a  very  flat  vessel,  and  the  bows 
rose  so  abruptly  that  the  head  was  forced  up  by  the  action  of 
the  water.  The  experiments  were  tried  in  the  Mersey,  above 
Liverpool,  and  the  effect  of  tide  was  deducted  by  trying  the 
experiment  both  ways.  He  doubted  the  practicability  of 
keeping  the  apparatus  for  altering  the  pitch  in  working  orderi 
at  sea,  for  any  length  of  time. 

Mr.  Bamsbottom  remarked,  that  if  the  pitch  of  the  blades 
in  an  ordinary  screw-propeller  were  the  same  throughout  down 
to  the  centre  boss,  every  part  of  the  blade  would  have  the  same 
advancing  motion  in  the  water,  and  would  screw  correcdy 
through  it ;  and  he  could  not  understand  how  the  centre  portion 
of  the  blades  could  have  the  injurious  flapping  and  centrifugal 
action  mentioned  in  the  Paper,  when  the  screw  was  advancing 
through  the  water,  as  such  action  could  only  take  place  if 
the  arms  were  to  revolve  whilst  the  vessel  was  stationary. 

Mr.  Appold  observed,  that  the  ball  would  deflect  the  water, 
and  throw  a  body  of  water  on  to  the  blades,  giving  them  more 
water  to  act  upon,  and  preventing  the  water  from  slipping  awaj 
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firom  the  pressure  of  the  blades,  through  the  centre  of  the 
propeller,  as  in  the  ordinary  form  with  an  open  centre.  Sup« 
poskig  the  propeller  were  working  through  a  tube  of  the  satne 
diameter  as  the  circumference  of  the  arms,  the  centre  ball 
"would  occupy  one-third  of  the  diameter  of  the  tube,  and  reduce 
its  effective  diameter,  causing  all  the  water  to  pass  through  the 
reduced  area,  and  so  bringing  more  water  in  contact  with  the 
BXioofi  in  the  same  distance,  and  affording  them  a  more  solid 
abutment  for  their  action. 

Mr.  B.  Gibbons  thought  it  was  to  be  inferred  from  that 
argum^t,  that  it  would  be  advantageous  to  enlarge  the  shaft  to 
thje  size  of  the  ball,  so  as  to  fill  up  the  displacement  of  the  ball, 
axid  that  would  avoid  the  resistance  offered  by  the  front  of  the 
ball  being  dragged  through  the  water. 

Mr.  Appoi^d  suggested  thai:  a  conical  form  might  be  pre- 
ferable for  the  front  of  the  ball,  to  deflect  the  water  from  the 
centre  on  to  the  arms.  He  had  found  that  best  in  bis  Centri* 
fugal  Pump,  in  which  there  was  a  similar  action,  and  the  water 
entering  at  the  centre  had  to  be  suddenly  deflected  at  right 
angles  into  a  radial  direction ;  he  had  tried  a  pump  with  the 
centre  bell-mouthed  from  the  inside,  with  the  object  of  afford- 
ing a  more  free  entrance  for  the  water,  but  he  fbund  it  gave 
less  results  than  the  form  he  had  adopted,  having  a  square  edge 
inside  the  opening,  and  the  centre  coned  from  the  spindle  to 
the  centre  disc. 

The  Chairman  observed,  that  further  experiments  with  the 
New  Propeller  were  very  desirable ;  and  he  proposed  a  vote  of 
thanks  to  Mr.  Bovill  for  his  Paper,  with  a  request  that  he 
would  furnish  to  the  Institution  the  restdts  of  further  trials  of 
the  Propeller,  which  was  passed. 


The  following   Paper,   by  Mr.  W.  Keld  Whytehead,  of 
London,  was  then  read : — 
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ON  A  NEW  DIRECT-ACTING  STEAM  PUMP. 

This  Steam  Pump  is  of  American  inyention,  and  has  been  used 
extensively  there  for  feeding  the  boilers  of  marine  engines.  It  is- 
however,  well  adapted  for  any  purpose,  where  a  moderate  qnantiiy 
of  water  has  to  be  raised,  and  where  a  rotary  motion  is  not  required. 
The  drawing  Plate  7i2  shows  one  that  is  fixed  at  the  Great  Northern 
Eailway  Station,  at  Eing*s  Cross,  London,  and  used  for  supplying 
the  station  with  water. 

Its  chief  peculiarity  is  that  the  stroke  of  the  piston  and  of  the 
pump  plunger  is  regulated  without  the  use  of  a  crank,  so  that  the 
motion  of  the  plunger  is  nearly  uniform  for  the  whole  length  of  the 
stroke.  Mr.  Ericsson  (of  Messrs.  Braithwaite^s  firm,)  made  a  fire- 
engine  on  this  principle,  some  years  back,  and  Mr.  Penn  formeily 
used  the  same  arrangement  for  "  donkey  engines  '*  for  steam-boats, 
but  both  of  these  kinds  of  engine  were  deficient  in  smootfmess 
of  working,  a  difficulty  which  has  been  overcome  by  Messn- 
Worthington  and  Baker,  the  patentees  of  the  present  Pump,  by  veiy 
simple  and  effectual  means. 

Fig.  ],  Plate  72,  is  a  longitudinal  section,  and  Fig.  2,  a  transverse 
section  of  the  Pump.  A  is  the  steam  piston,  and  B  the  pump- 
plunger,  both  bolted  to  the  same  piston  rod.  The  plunger  is  double- 
acting,  and  works  through  metallic  packing  CC.  D  D  are  the  suc- 
tion valves,  and  E  E  the  delivery  valves,  consisting  each  of  a  ring  of 
India-rubber,  rising  on  a  brass  spindle,  with  a  guard  at  the  top,  and 
falling  on  to  a  circular  plate,  perforated  with  holes,  as  shown  in  the 
enlarged  drawing,  Fig.  3.  In  the  plunger  are  bored  a  few  holes 
HH,  which  have  the  effect  of  opening  a  communication  between  the 
two  ends  of  the  pump  barrel  at  each  end  of  the  stroke,  thus  giving 
the  water,  as  it  were,  a  partial  elasticity,  aUowing  it  to  continue  its 
forward  motion,  by  flowing  through  the  plunger  during  the  moment 
that  the  plunger  becomes  stationary.  This  enables  the  plunger  to 
commence  its  return  stroke  without  any  shock  or  concussion. 

The  slide  valve  I  is  moved  by  the  tappet  K,  fixed  on  the  piston 
rod,  and  striking  either  of  the  nuts  L  or  M.  Steam  is  admitted 
tmderthe  slide,  as  shown,  as  the  motion  of  the  slide  in  one  direction 
has  to  admit  steam  for  the  piston  moving  in  the  opposite  direction. 
A  "  steam  buffer'*  is  provided  for  the  slide,  to  remove  the  concussion; 
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N  is  a  piston  attached  to  the  slide  rod,  working  in  a  cylinder,  which 
lias  a  small  groove  cut  in  the  hottom  of  it.      This  cylinder  is  filled 
witli  steam  from  the  slide  chest,  through  a  small  hole  in  the  end, 
and  tbe  steam  is  compressed  hy  the  piston  N,  at  each  stroke  of  the 
tappet  K,  thus  forming  a  buffer  or  spring  of  very  perfect  elasticity, 
and  the  compressed  steam  escapes  immediately  afterwards  to  the 
other  side  of  the  piston  N,  through  the  groove  in  the  bottom  side  of 
the  cylinder,  thus  preventing  any  recoil  of  the  valve.      O  is  an  air- 
vessel  on  the  delivery  pipe,  and  the  suction  pipe  P  is  carried  up 
above  the  pump  to  form  a  head,  to  make  the  flow  of  water  more  uni- 
form.     In  starting  the  Pump,  the  hand-lever  K  is  put  into  gear  with 
the  nut  Li,  as  shown  by  the  dotted  lines,  and  the  valve  is  moved  by 
hand  for  a  few  strokes,  to  let  on  the  steam,  until  the  engine  is  fairly 
started. 

This  Pump  has  been  at  work  for  five  months  at  King's  Cross 
Station  very  satisfactorily,  the  only  repairs  necessary  having  been 
about  one  day's  work.  It  has  to  draw  the  water  14  feet  perpendicular, 
and  forces  it  30  feet  perpendicular.  The  usual  speed  is  40  to  60 
double  strokes  per  minute,  but  there  is  no  difficulty  in  working  it 
double  that  speed  if  desired.  The  uniformity  of  the  stream  of  water 
delivered  is  very  remarkable,  and  seems  to  indicate  that  there  is  no 
loss  of  power,  or  to  speak  more  correctly,  that  there  is  never  an 
excess  of  power  to  impart  an  undue  velocity  to  the  water.  The 
small  space  occupied  by  the  pump  is  an  advantage  of  some  im- 
portance when  used  for  marine  purposes. 


Mr.  Bamsbottom  observed  that  he  had  seen  the  pump  at 
work  at  the  King's  Cross  Station,  and  it  certainly  worked  well, 
with  very  little  vibration,  and  delivered  a  steady  uniform 
stream  of  water ;  but  it  was  a  defect  that  the  economy  of  work- 
ing expansively  could  not  be  obtained  with  a  pump  on  that 
principle,  as  the  full  pressure  of  steam  was  required  to  complete 
the  stroke.  There  was  a  simple  contrivance  in  the  shut-off 
valve  of  the  delivery  pipe,  for  changing  the  direction  of  the 
discharge ;  the  valve  was  constructed  with  a  double  face,  and 

L 
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fitted  to  shut  the  opening  on  either  side^  so  as  to  pump  into  the 
tanky  or  into  the  fire-hose^  by  screwing  the  yalre  spindle  in  one 
direction  or  the  other. 

The  Secretajlt  said  that  Mr.  Whytehead  had  expected  to 
have  given  the  results  of  a  trial  of  the  pump  to  ascertain  the 
duty  yielded  by  it,  by  measuring  the  quantity  of  water  dis- 
charged, and  taking  indicator  figures  from  the  engine ;  but  he 
had  not  yet  been  able  to  make  the  experiments. 

Mr.  Preston  remarked,  that  a  direct-acting  steam  pump  had 
been  constructed  by  Mr.  Penn,  for  feeding  marine  boilers,  but 
that  he  adopted  a  crank  motion  now  for  the  purpose,  finding  the 
vibration  and  shock  of  the  tappet  motion  too  great  for  working 
the  valve. 

Mr.  Rahsbottom  observed  that  the  steam  bufifer-spring  upon 
the  valve  spindle  in  this  pump  appeared  to  be  very  effectual  in 
taking  off  the  shock,  even  when  working  at  a  considerable  speed ; 
and  the  equilibrium  established  between  the  two  ends  of  the 
pump,  by  means  of  the  holes  through  the  plunger,  caused  the 
valves  to  close  down  upon  their  seats  almost  before  the  retam 
stroke,  and  prepare  the  pump  for  the  reversed  action  of  the 
steam. 

Mr.  MiDDLETON  thought  there  would  not  be  any  advantage 
gained  with  this  pump  in  simplicity  over  a  crank  engine,  and  it 
would  not  be  so  economical  in  power,  from  not  being  able  to 
work  the  steam  expansively. 

Mr.  Appold  inquired  how  long  the  India-rubber  valves  were 
found  to  last  in  pumps  ? 

Mr.  Preston  said  the  India-rubber  valves  answered  very 
well  in  the  air-pumps  of  marine  engines ;  they  were  always 
used  for  screw  vessels,  on  account  of  the  rapid  action  of  the 
valves  with  short-stroke  engines,  for  which  metal  valves  w«fe 
not  applicable.  The  time  they  lasted  varied  very  much  with  the 
circumstances ;  vulcanised  sheet  India-rubber  only  should  be 
used,  and  might  last  some  months,  perhaps  a  year,  but  the 
canvas  valves  coated  with  India-rubber  soon  decayed. 
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Mr.  Clift  remarked  that  a  new  mode  had  been  brought  out 
of  preparing  India-rubber  with  sulphuret  of  lead^  instead  of 
vulcanising  it  with  sulphur,  which  was  said  to  be  better  and 
more  durable ;  but  he  did  not  know  the  results  of  trial. 

Mr.  Afpold  doubted  whether  vulcanised  India-rubber 
would  stand  a  constant  elastic  action  for  a  year,  or  even  a  less 
period.  He  had  tried  some  India-rubber  springs  for  window- 
shutters,  and  found  they  failed  in  three  or  four  months ;  it  was 
some  years  back,  and  he  did  not  know  whether  the  process  of 
manufacture  had  been  improved  since. 

Mr.  B.  Gibbons  said  he  had  found  the  elastic  bands  for 
papers,  after  lying  by  for  two  or  three  years,  lost  their  elasticity, 
and  became  decayed. 

Mr.  Adams  inquired  whether  the  vulcanised  India-rubber 
rings  in  railway  carriage  buffers  and  draw-springs  were  found 
to  decay  ? 

Mr.  H.  Wright  said  he  had  found  the  rings  in  buffers  still 
remaining  good  after  three  or  four  years'  work ;  the  India-rubber 
was  subjected  to  compression  only,  and  was  protected  feom  wet. 
He  had  several  hundred  waggons  imder  his  charge  working 
with  India-rubber  buffers  and  draw-springs,  which  were  all 
doing  very  well ;  the  only  failure  of  the  India-rubber  rings  that 
had  been  experienced  amongst  them,  was  from  the  intermediate 
plates  or  washers  between  the  rings,  which  were  made  at  first 
of  cast-iron,  and  too  thin,  becoming  broken  and  then  cutting 
Jie  India-rubber,  but  that  had  been  remedied  by  using  stronger 
wrought-iron  washers. 

Mr.  S.  Lloyd  observed,  that  the  India-rubber  buffers  had 
also  been  several  years  in  extensive  use  on  the  Great  Western 
Railway  for  all  their  carriages,  and  he  believed  with  satisfactory 
results. 

Mr.  Clift  remarked  that  it  had  been  explained  by  the 
maker,  Mr.  De  Bergue,  at  a  former  meeting  of  the  Institution, 
that  there  was  some  imperfection  in  the  vulcanised  India-rubber 
first  manufactured,  which  made  it  less  durable,  but  the  defect 
was  removed  in  all  the  subsequent  manufacture. 
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Mr.  Preston  obsenred  tbat  the  India^mbber  in  pump  yalrcs 
was  subjected  to  more  aeyere  wear,  from  the  constant  rapid 
bending,  and  the  action  of  the  water,  than  the  mere  CQmpre8Bio& 
in  buffer  springs.  Some  of  the  ralres  proved  defectire  at  first 
in  consequence  of  being  cut  transrersely  from  a  cylind^  ci 
India-rubber,  which  was  manufactured  bj  rolling  up  a  long 
sheet ;  these  ralyes  split  open  in  the  roll  and  became  defective, 
from  the  constant  action  upon  them ;  but  all  he  now  used  were 
cut  out  of  a  single  flat  sheet,  and  were  found  to  stand  yerj  wdL 

The  Chairman  proposed  a  Tote  of  thanks  to  Mr.  Whytehead 
for  his  description  of  the  pump,  which  was  passed,  and  expressed 
a  hope  that  he  would  frimish  at  another  meeting  the  results  of 
a  trial  of  the  dutjr  yielded  by  the  pump. 


The  following  paper  by  Mi.  John  £.  C3ift,  of  Birmingham, 
was  then  read : — 

ON  IMPROVED  FIRE-BRICK  GAS  RETORTS. 

The  object  of  this  paper  is  to  describe  a  plan  for  construeting 
Gas  Retorts,  which  the  writer  has  had  in  use  several  years  at  the 
works  under  his  management,  and  has  also  adopted  at  yarious  other 
towns;  and  the  only  apology  he  has  to  offer  for  bringing  it  before 
the  meeting  is,  the  request  of  the  Council  of  the  Institution  to 
furnish  the  practical  results  of  the  working  of  the.  plan. 

The  first  great  desideratum  in  a  gas-generating  retort  is  on  all 
hands  acknowledged  to  be  mrfacs,  a  large  surface,  upon  which  may 
be  spread  a  thin  layer  of  coal ;  this  was  early  shown  by  Mr.  Cl^, 
in  his  invention  of  the  revolving-web  retort,  the  only  difficulty  in 
working  which  was  the  destructible  nature  of  the  material  of  which 
it  was  composed. 

The  second  condition  required  is,  that  this  large  surface  shall  be 
economically  heated,  A  strong  opinion  existed  for  along  time  against 
the  use  of  fire-clay  for  retorts,  in  consequence  of  the  inferior  heat- 
conducting  properties  of  that  material  compared  with  iron ;  bat 
experience  has  proved  that  as  large  a  quantity  of  gas  can  be  gene- 
rated, with  a  given  weight  of  fiiel,  with  fire-clay  retorts  as  with  iron. 
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This  may  be  accounted  for  partly  by  the  fire-clay  losing  less  of  its 
heat  on  being  exposed  to  the  air  whilst  charging,  and  on  the  cold 
charge  of  coal  being  first  thrown  in  ;  or  in  other  words,  that  the 
greater  mass  of  fire-clay  acts  as  a  reservoir  of  heat,  and  does  not 
become  so  readily  exhausted  when  a  large  demand  is  made  upon  it, 
but  on  the  contrary  maintains  a  greater  imiformity  of  temperature 
throughout  the  process ;  this  is  easily  demonstrated  by  observing  the 
small  quantity  of  gas  made  from  an  iron  retort  during  the  first  hour 
after  charging  compared  with  a  fire-clay  one.  It  is  also  partly  ac- 
counted for  by  the  iron  retorts,  as  they  are  generally  set,  being  so 
covered  and  shielded  with  fire-bricks  to  preserve  them  from  des- 
truction, as  to  partake  as  much  of  the  ch^aracter  of  clay  retorts  as  of 
iron. 

The  following  table,  which  is  the  average  of  a  number  of 
experiments,  gives  the  quantities  of  gas  generated,  as  indicated  by 
the  meter,  from  iron  and  clay  retorts,  during  each  half-hour  of  the 
charge,  from  the  same  quantity  and  quality  of  coal : — 

IRON  RETORTS.  BRICK  RETORTS. 

1  half-hour.     250  Cubic  feet.     1  half-hour.     480  Cubic  feet. 


12 

9f 

630 

»» 

2 

1800 

8 

»l 

1340 

>• 

8 

2000 

4 

l» 

2800 

»» 

4 

2000 

5 

» 

2600 

»» 

5 

2800 

6 

»f 

ft640 

»i 

6 

2800 

7 

tl 

2600 

it 

7 

2460 

8 

„ 

2600 

}* 

8 

2400 

9 

»» 

1700 

»> 

9 

2000 

10 

)» 

1630 

»» 

10 

1630 

11 

Jf 

1790 

>» 

11 

860 

la 

ft 

700 

i» 

12 

550 

Total      20780 


Total     20780 


The  third  requisite  in  a  retort  is  durability.  The  proper  way  to 
measure  this  element  is  to  divide  the  quantity  of  gas  made,  by  the 
cost  of  the  retorts  and  ovens,  and  the  repairs  during  the  time  they 
are  worked;  this  will  be  shown  presently  by  a  comparison  from  the 
actual  working  of  iron  and  clay  retorts. 
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The  retorts- to  be  described  in  the  present  paper  are  oomposed 
entirely  of  fire-bricks,  with  cast-iron  front  plates  to  attach  thfl 
SQOuth-pieees  to,  and  to  bind  the  brickwork  together,  and  thej  iro 
made  of  any  length,  widUi,  or  height  They  are  general^  eoa- 
structed  in  sets  of  three,  as  shown  in  Fig.  1,  Plate  73,  which  is  a 
front  elevation.  A  A  are  the  front  plates  of  cast  iron.  1^  inch  thick. 
B  B  are  the  wrought  iron  stays,  4x1^  inches,  fastened  at  the 
bottom  by  cramps  built  into  the  brickwork,  and  at  the  top  by 
tension  bars,  connected  to  similar  stays  on  the  opposite  side.  C  Is 
the  furnace  door.  D  D,  two  retort  mouth-pieces,  15  x  15  inches.  £» 
a  large  retort  mouthpiece.  F,  sight  holes  for  examining  the  floes 
and  cleaning  dust  from  the  external  sur&ce  of  the  retorts. 

Fig.  2  is  a  transverse  section ;  G  is  the  furnace,  H  H  are  the 
two  lower  retorts,  15  inches  wide,  15  inches  high,  and  dO  feet 
long,  with  a  mouth-piece  at  each  end.  The  fire-bricks  forming 
the  bottoms  and  sides  of  the  retort  are  16  inches  long  and  3  inches 
thick,  and  the  arch-bricks  forming  the  top  are  0  inches  long  by 
d|-  inches  deep.  Each  brick  is  rebated  I  inch  deep  in  the  trans- 
verse joints,  and  grooved  in  the  longitudinal  joints,  as  shown 
by  the  enlarged  drawing,  Fig.  3 ;  these  grooves  are  filled  with  stiff 
fire-clay  when  they  are  put  together,  which  bums  into  a  bard 
tongue  half  an  inch  thick  as  it  becomes  heated ;  the  object  of  these 
tongues  is  two-fold,— they  offer  a  resistance  to  the  leakage  of  the 
gas  by  breaking  the  joint,  and  they  tie  together  the  arch  of  the 
retort. 

K  is  the  large  upper  retort,  5  feet  3  inches  wide,  and  20  feet 
long,  open  for  charging  at  both  ends;  the  bricks  are  similar  to 
those  forming  the  small  lower  retorts ;  L  is  a  cross  arch  5  inches 
thick,  spanning  the  furnace  flat  on  the  top,  which  covers  the  under- 
side of  the  transverse  joints  of  the  bottom  of  the  large  retort ;  the 
longitudinal  joints  are  covered  by  small  arched  bricks,  marked  I. 
J  are  the  side  flues,  and  N  the  longitudinal  flues,  shown  more  fully 
in  Fig.  4,  Plate  74,  which  is  a  plan  of  the  top  of  the  upper  retort, 
showing  the  course  of  these  flues.  Tn  rising  from  the  furnace  the 
heat  passes  partly  underneath  and  partly  over  the  small  retorts  into 
the  first  flue,  No.  1,  moving  to  the  back  of  the  oven,  then  crosses 
the  division  and  returns  to  the  front  along  the  2nd  flue,  then  to  the 
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back  along  the  Srd  flne,  and  to  ^e  front  along  the  4th,  when  it 
meets  with  the  heat  which  has  gone  through  a  similar  course  on  the 
opposite  side,  and  passes  along  the  middle  flue,  No.  5,  into  the  main 
flue  M,  as  i^own  in  the  longitudinal  section.  Fig.  5.  By  this 
arrangement  the  heat  passes  over  50  feet  length  of  surface  of  retort 
from  the  time  it  leaves  the  furnace  until  it  reaches  the  main  flue. 

Fig.  5  is  a  longitudinal  section  through  the  upper  retort  K, 
showing  the  opening  into  the  main  flue  M,  and  the  damper  O,  bj 
which  the  draught  is  regulated.  In  this  figure  the  position  of  the 
cross  arches  L,  that  carry  the  large  retort  is  shown,  covering  the 
joints  in  the  bottom  of  the  retort ;  also  the  centre  wall  P,  which 
divides  the  two  furnaces  and  flues,  and  carries  tlie  main  flue. 

Fig.  6,  Plate  75,  is  a  plan  of  the  lower  retorts,  showing  the  two 
furnaces  GG,  with  the  centre  division  wall  P,  the  side  fldes  I T,  and 
the  floor  of  the  lower  retorts  H  H. 

It  will  be  seen  by  the  plans  Figs.  4  and  6,  that  the  sight  holes 
F  F  are  so  arranged  as  to  command  a  view  of  the  whole  longitudinal 
and  side  flues,  by  which  means  the  condition  of  the  retorts  may  at 
all  times  be  observed,  and  any  defects  detected. 

With  regard  to  the  durability,  the  writer  may  observe  that  12 
sets  of  these  retorts  were  put  up  by  him  in  1842,  and  worked 
constantly,  with  the  exception  of  short  periods,  up  to  1849,  when 
they  were  taken  down  for  the  alteration  of  the  works,  and  they  were 
found  then  in  good  condition,  and  were  fit  for  working  several  years 
longer  with  slight  repairs.  The  writer  also  put  up  12  sets  of  these 
retorts  in  1844,  and  they  continue  in  regular  work  now,  and  are  in 
good  condition;  the  cost  of  repairs  of  the  retorts,  ovens,  and 
furnaces  during  the  eight  years  they  have  worked  has  not  exceeded 
20  shillings  per  annum  for  each  set. 

The  writer  accoimts  for  the  durability  and  economy  of  retorts 
constructed  on  this  plan,  firstly,  by  their  being  composed  of  a  gi-eat 
number  of  pieces,  instead  of  only  one ;  so  that  when  their  temperature 
IS  altered,  either  by  the  carelessness  of  the  stokers,  or  in  letting 
down  the  heat  to  throw  the  retort  out  of  work,  each  joint  opens  a 
little,  equal  to  the  contraction  of  a  9-inch  brick,  and  prevents  any 
portion  of  the  retort  cracking.     In  the  same  way,  in  getting  up  the 
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heat  (which  is  a  time  when  a  great  niimher  of  day  retorts  made  in 
one  piece  are  destroyed),  if  one  portion  of  the  retort  heeomes 
heated  more  than  another,  the  joints  accommodate  the  expansion ; 
or,  if  the  brick-work  is  in  a  very  green  state,  and  the  e^qpansion 
from  the  moistnre  is  great,  the  screws  of  the  tension  rods  may  be 
eased,  which  will  allow  the  whole  mass  of  brick-woric  to  swell,  bnt 
as  soon  as  the  moisture  is  expelled  it  will  sink  back  into  its  place, 
and  be  as  perfect  as  when  first  built.  When  a  set  of  these  retorts 
is  first  put  to  work,  either  new  or  after  being  let  down  for  any  pur 
pose,  it  leaks  through  the  joints  for  about  ^  hours,  gradually 
stopping,  and  after  that  time,  if  the  heat  be  good,  it  will  have  be- 
come quite  sound,  and  permanently  gas-tight,  under  a  pressure 
equal  to  10  or  12  inches  head  of  water. 

From  a  sufficiently  long  experience,  the  writer  has  proved  that 
brick  retorts  built  upon  this  plan  will  wear  for  10  years,  with  the 
outlay  of  twenty  shillings  per  annum  for  repairs,  and  that  iron 
retorts  will  not  last  more  than  Ij-  years,  under  the  mott 
favourable  circumstances.  Then,  to  show  their  comparatire 
economy,  take  a  number,  say  30  sets  or  beds  of  Iron  Retorts,  and 
20  beds  of  Brick  Retorts,  each  bed  being  capable  of  making 
20,000  cubic  feet  of  gas  in  24  hours,  and  to  make  the  calculations 
as  correct  as  possible,  let  the  cost  and  repairs  of  each  be  estimated* 
and  the  quantity  of  gas  they  will  make,  during  a  period  of  10  years, 
in  order  to  ascertain  the  cost  of  the  gas  produced  from  each  plan 
per  10,000  cubic  feet 

First  cost  of  20  beds  of  Iron  Retorts : — 

£.    8,    d,       £.     $.    I 

Bricks,  clay,  and  labour  for  arches 367    0    0 

100  Cast-Iron  Retorts,   18  cwt.  each,  90 

tons,®  £6 640    0   0 

Fire  bricks,   shields,   quarries,    &c.,   for 

setting       160    0   0 

Labour  for  setting,  60s.  each 60    0   '^ 


Carried  forward        £1117    0  0 
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£  8.  d,       £     s.     d 

Brought  forward     1117     0     0 

Cost  of  renewing  20  beds  of  iron  retorts  : — 

100  iron  retorts^  90  tons,  @  £6 540  0  0 

Bricks  and  clay 150  0  0 

Labour,  taking  down  and  resetting BO  0  0 

£770     0     0 
Less  by  old  burnt  iron,  50 

tons,  @  26s £62  10     0 

Less  by  one-third  of  bricks, 

which  may  be  used  again     50     0     0 

112  10  0 


657  10  0 
This  sum  will  be  multiplied  by  6},  tlie 
number  of   times   they  will  be  re- 
newed in  10  years,  which  will  give...  4270  10     0 


Making  the  total  expense  of  Iron  Eetorts  i>5887  10    0 


£    8.     d.      £     8,     d. 
First  cost  of  20  beds  of  Brick  Retorts  :— 
Bricks,  clay,  and  labour,  for  arches        ...  867     0     0 

Iron  for  front  plates  and  brick-stays,  21 

tons,  @  £6 126     0     0 

Pattern  and  other  bricks  and    clay   for 

retorts        180    0    0 

Labour  for  building  retorts     1 1 0    0    o 


783     0     0 
Cost  of  repairs  for  10  years,  at  20s.  per 

bed  per  annum 100     0     0 

Less  value  of  old  front  plates,  <&c.,  20 

tons,  @  25s 25     0     0 

75     0     0 


Making  the  total  expense  of  Brick  Retorts  £858     0    o 

M 
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Now,  as  the  quani^y  of  gas  that  each  of  the  two  deseriptions  of 
retorts  is  estimated  to  generate  is  the  same  for  JO  years,  namdj, 
1460  millions  cubic  feet,  it  follows  that  the  gas  from  the  Cast-Inm 
Retorts  ^sts  9d.  per  10,000  cubic  feet^  and  that  from  the  Fire- 
Brick  Betorts  l]d.  per  10,000  cubic  feet,  for  the  item  of  retorts  and 
ovens;  show.  -onomy  of  84  per  cent  in  the  improved  Fire- 

Brick  Betorts. 


Mr.  Clift  exhibited  specimens  of  the  Fire-bricks,  showing 
the  mode  of  joint'-g  them  to  prevent  leakage  of  the  gas. 

Mr.  Chbllingworth  enquired  whether  a  defect  in  a  brick 
retort  could  be  repaired,  such  as  a  bad  joint  ?  When  an  iron 
retort  became  broken  it  could  not  be  repaired,  and  was  aU  lost, 
and  had  to  be  pulled  out,  but  it  was  a  great  advantage  in  the 
brick  retorts  if  they  could  be  readily  repaired. 

Mr.  Clift  replied  that  a  defect  could  be  easily  repaired  at 
etuy  time,  without  stopping  the  working  of  the  retorts ;  the  sur- 
face of  the  retorts  could  be  thoroughly  examined  through  the 
different  sight  holes,  and  any  defective  joint  detected  by  the 
appearance  of  a  gas  flame,  and  a  single  brick  .  ould  be  taken  out 
of  any  part  when  required,  and  removed  by  proper  tools  through 
the  sight  holes,  which  were  made  large  enough  for  a  brick  to  pass, 
and  another  brick  was  then  set  in  its  place  with  fire-clay,  with- 
out occasion  to  let  down  the  heat  of  the  retort.  When  a  brick 
retort  was  pulled  down,  it  was  found  that  the  carbon  deposited 
from  the  gas  filled  up  any  crack  or  fracture,  by  the  carbon 
adhering  to  the  rough  surface  of  the  brick  and  collecting  upon 
it,  from  the  indestructible  nature  of  the  brick.  But  a  crack  in  a 
cast-iron  retort  continued  getting  worse,  and  became  constantly 
more  open,  on  account  of  the  surface  of  the  iron  perishing  in  the 
sides  of  the  crack,  which  prevented  it  from  getting  closed  up  by 
a  deposit  of  carbon  as  in  the  brick  retorts.  When  a  cast-iron 
retort  was  once  cracked  it  was  done  for,  and  must  be  thrown 
away,  requiring  the  whole  oven  to  be  opened  out  and  re-built, 
and  causing  a  serious  delay  to  the  work,  as  well  as  expense. 
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Mr.  Ramsbottom  remarked  that  the  greater  equality  in  the 
rate  of  expansion  by  heat  of  <5arbon  and  fire-brick,  than  of 
carbon  and  cast-iron^  wonld  probably  assist  in  keeping  the  joints 
close. 

Mr.  Clift  observed,  that  on  pulling  down  the  brick  retorts, 
after  seven  years'  working,  it  was  found  that  the  joints  were 
completely  blackened  and  filled  with  carbon  half  way  through, 
up  to  the  fire-clay  stopping  in  the  centre  groove,  but  the  outer 
half  of  the  joints  showed  no  appearance  of  the  carbon  having 
passed  the  groove. 

Mr.  H.  Wright  said  he  had  lately  had  some  gas  ovens 
built  on  Mr.  Clift's  plan,  instead  of  renewing  the  cast-iron 
retorts  used  previously,  and  they  had  been  at  work  for  some 
months  very  satisfactorily ;  there  was  no  appearance  of  defect 
in  getting  up  the  heat  or  letting  it  down,  and  he  considered 
that  the  plan  was  an  important  improvement. 

Mr.  Clift  observed  that  the  plan  of  constructing  the  retorts 
of  double  the  usual  length,  with  a  mouth-piece  at  each,  end,  he 
had  only  had  in  use  for  about  a  year,  but  he  found  it  a  ^cided 
improvement,  and  had  since  adopted  it  all  in  new  works.  Xhe 
other  retorts  became  scurfed  up  with  a  large  accumulation  of  car* 
bon,  particularly  at  the  back  ends,  where  the  scurf  became  several 
inches  thick  and  very  hard,  and  the  retorts  had  to  be  stopped 
work  and  the  heat  let  down,  usually  every  eight  months,  for 
the  purpose  of  clearing  out  this  scurf,  and  getting  it  detached 
by  the  contraction  in  cooling.  But  in  the  long  retorts,  open  at 
both  ends,  there  was  no  back  for  the  scurf  to  accumulate,  and 
the  current  of  air  through  the  retort  every  time  that  both  ends 
were  opened,  caused  the  scurf  to  scale  ofi*,  and  it  was  much 
easier  to  detach,  and  consequently  it  was  found  that  they  would 
work  much  longer  before  requiring  to  be  let  down.  Also  the 
centre  portion  of  the  oven,  which  is  the  hottest  part,  and  most 
valuable  for  making  gas,  was  lost  before  by  the  blank  ends  of 
the  retorts,  but  is  now  made  available,  as  there  is  only  a  single 
brick  wall  dividing  the  flues,  and  by  this  means  the  heating 
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surbee  and  contents  of  die  retorts  are  increased,  without  aay 
inczease  in  the  sixe  or  expense.  Anodier  ndvantage  is  Ibiiiid 
in  prerenting  die  injury  and  shaking  of  the  joints  that  was 
cansed  in  drawing  die  coke  firom  the  ret<»t,  hy  the  heavy  rake 
heing  driren  against  the  back  of  the  retort. 

The  thanks  of  the  meeting  were  voted  to  Mr.  Clift  for  hi^ 
Paper,  and  the  meeting  then  terminated. 

After  the  meeting  a  Model  was  exhibited  of  a  new  constnic- 
tion  of  Permanent  Way  for  Bailways,  by  Mr.  J.  £.  McConndl. 
of  Wolrcrton. 
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PROCEEDINGS, 


The  Gsnbbal  Mbeting  of  the  Members  was  held  at  the 
house  of  the  Institution^  54^  Newhall  Street^  Birmingham^  on 
Wednesday,  27th  October,  1852,  Robert  Stephenson,  Esq., 
M.P.,  President,  in  the  Chair. 

The  Minutes  of  the  last  General  Meeting  were  read  and 
confirmed. 

The  Chairman  announced  that,  according  to  the  rules  of  the 
Institution,  the  President,  Vice-Presidents,  and  five  of  the  Coun- 
cil in  rotation,  would  go  out  of  office  next  year ;  and  that  at  the 
present  Meeting  the  Council  and  Officers  for  the  next  year  were 
to  be  nominated  for  the  election  at  the  next  Annual  Meeting.  He 
observed,  that  he  had  always  held  that  in  such  Institutions  as 
their  own,  it  was  highly  conducive  to  their  advancement  that 
the  officers  be  changed  periodically,  especially  the  President. 
He  had  taken  an  active  part  in  bringing  about  the  change  in 
the  Institution  of  Civil  Engineers  of  the  injurious  system  of 
Life  Presidents,  and  since  that  change  he  had  every  reason  to 
believe  the  result  was  very  satisfactory.  He  had  proposed  to 
the  Council  to  retire  at  this  next  election,  having  been 
President  for  four  years,  since  the  decease  of  his  Father ;  but  as 
the  Council  had  expressed  a  desire  that  he  should  be  put  in 
nomination  for  one  year  longer,  he  had  consented,  on  the  under- 
standing that  the  proposed  alteration  should  be  then  carried  out, 
making  the  President  ineligible  for  re-election  after  one  or  two 
years. 

The  Chairman  announced  that  the  Council  proposed  to 
submit  to  the  Members,  for  decision  at  the  next  Annual 
Meeting  in  January,  an  increase  in  the  number  of  Vice- 
Presidents  fiom  three  to  six,  with  reference  to  the  different 
Meetings  of  the  Institution  in  Biimingham,  and  other  places. 
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Nine  names  were  proposed  for  nommation  as  Vice-Presidents, 
and  if  the  proposed  increase  was  adopted  at  the  Annual  Meedng, 
the  six  highest  would  be  elected^  otherwise  the  three  highest  as 
before. 

The  following  list  of  Members  was  then  proposed  for  nomi- 
nation for  the  election  of  the  Council  and  OfELcers  at  the  next 
Annual  Meeting. 

President : 

*  BoBEET  Stephenson,  M.P.,  London. 

Vice-Presidents : 
fSix  or  three  of  the  number  to  he  elected.  J 

*  Chakles  Beter,  Manchester, 
William  Fairbairn,  Manchester, 
Edward  Humphrys,  London, 
Edward  Jones,  Liverpool, 

*  James  E.  McConnell,  Wolverton, 

*  John  Pknn,  London, 

R.  B.  Preston,  Liverpool, 
Archibald  Slate,  Dudley. 

Council : 
fFive  of  the  number  to  he  electa.  J 
Samuel  H.  Blackwell,  Dudley, 

*  William  Buckle,  London, 

*  John  E.  Clift,  Birmingham, 
Benjamin  Fotheroill,  Manchester^ 
Wyndham  Harding,  London, 
John  Napier,  Glasgow, 
Richard  Peacock,  Manchester, 

*  J.  Scott  Russell,  London, 

*  Robert  Sinclair,  Glasgow, 

*  Joseph  Whitworth,  Manchester. 

Trecisurer : 

*  Charles  Geach,  M.P.,  Birmingham. 
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Secretary : 
*  William  P.  Marshall,  Birmingliam. 
fThe  Officers  for  the  present  year  are  marked  thus*,  J 
No  other  names  having  been  added  by  the  Meeting,  the 
above  list  was  adopted. 

The  Chairman  announced  that  the  Ballot  Papers  had  been 
opened  by  the  Committee  appointed  for  the  purpose,  and  the 
following  new  Members  were  duly  elected : — 

Members : 
Samttel  Lloyd,  jun.,  Wednesbury, 
Henry  Rofr,  Birmingham, 
Gborge  Thomson,  Birmingham, 
John  R.  Warham,  Burton-on-Trent. 


The  following  paper,  by  Mr.  Samuel  H.  Blackwell,  of 
Dudley,  was  then  read ; — 

ON  THE  ARRANGEMENT  OF  THE  MATERIALS  IN  THE 
BLAST  FURNACE,  AND  THE  APPLICATION  OF  THE 
WASTE  GASES. 

The  use  of  the  Waste  Gases  given  off  from  the  top  of  the  Blast 
Furnace,  has  been  long  known  and  adopted  in  many  of  the  Con- 
tinental Iron  works.  The  higher  cost  of  fuel,  and  the  greater 
attention  paid  to  a  scientific  knowledge  of  the  most  important 
processes  of  manufacture,  led  to  the  use  of  the  waste  gases  of  tiie 
Blast  Furnace  in  the  works  of  France  and  Germany,  long  before 
their  application  here  ;  the  United  States  soon  followed  the  example 
of  the  Continent,  and  in  the  iron  works  of  Pennsylvania,  for  some 
years  past,  the  use  of  the  waste  gases  has  been  general.  The 
object  of  this  paper  is  to  point  out  some  of  the  causes  which  have 
prevented  their  more  general  use  in  England  in  our  great  iron 
works,  and  to  call  attention  to  some  light  thrown,  by  the  attempts 
to  use  them,  upon  the  best  arnuagement  of  the  materials  in  the 
furnace. 

The  first  attempt  to  apply  the  gases  in  our  iron  works  was  at 
Ystal-y-Fera,  in  South  Wales,  where  a  patent  for  their  use  was 
taken    out  by    Mr.    Budd.       The   method    of   employing  them 
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was  at  first  defective,  from  the  direct  flame  of  the  fiimace  being 
taken  off,  instead  of  the  gases  themselves.  The  moment  the  gases 
emerge  from  the  top  of  the  furnace,  and  unite  with  the  atmosphere, 
ignition  takes  place ;  and  if  the  flame  is  to  be  economised,  it  must 
be  immediately  applied  to  the  surface  upon  which  it  is  to  act.  or  its 
heating  power  is  given  off,  and  consequently  wasted.  The  attempt 
therefore  to  apply  flams,  necessitated  the  erection  of  the  boilers, 
or  of  the  pipes  in  which  the  blast  was  to  be  heated,  in  immediate 
contiguity  with  the  tunnel  head.  In  many  works  this  was  a  matter 
of  great  difficulty,  and  in  very  few  could  it  be  done  without  incon- 
venience. Even  where  practicable,  the  flame  always  acted  powerfully 
upon  the  passages  through  which  it  passed,  and  exhausted  itself  in 
proportion  to  their  length  and  absorbing  powers,  before  it  became 
available  at  the  points  where  it  was  really  required.  This  difficulty 
led  to  such  an  alteration  in  the  arrangements  adopted,  that  instead  of 
the  fl/jane,  the  goMs  themselves  could  be  drawn  off  the  materials  in 
the  furnace,  before  they  had  become  ignited  by  mixing  with  air* 
This  was  effected  by  the  arrangement  shown  in  Fig.  1,  Plate  76.  A 
cylinder 'A,  of  cast  or  wrought  iron,  resting  by  a  broad  flange  upon 
the  lining  of  the  furnace,  was  carried  down  to  a  depth  of  several  feet 
beneath  the  top  of  the  pipe  B,  through  which  the  gases  passed  off. 
The  diametei:  of  the  furnace  expanding  from  the  top  downwards,  an 
open  space  OC,  was  thus  enclosed  between  the  inside  wall  of  the 
furnace  and  the  cylinder,  forming  a  reservoir  for  the  gas,  into  which, 
as  long  as  the  cylinder  was  kept  full,  no  air  from  above  could  enter. 
This  arrangement  perfectly  answered  its  purpose,  as  far  as  taking 
off  the  gases  unignited  ;  and  although  they  still  passed  off  at  a  hi^ 
temperature,  the  loss  of  heat  in  the  passages  was  much  diminished, 
being  confined  to  simple  radiation  from  the  hot  but  unignited  gas : 
however  far  it  was  carried  its  chemical  nature  remained  unchanged, 
and  atmospheric  air  was  allowed  to  mix  with  it  only  on  its  reaching 
the  point  were  the  heat  given  off  in  its  combustion  became 
available. 

All  difficulty  in  placing  cither  the  pipes  for  heating  tlie  blast  or 

the  boilers  was  thus  obviated,  but  tliere   remained  two  sources  of 

inconvenience.     Fii-st,  a  very  powerful  draught  was  required  to  be 

given  by  a  sufficient  height  of  stack  to  draw  off  the  gases  with 

^gulari ty ;  and  second,  the  entire  quantity  which  it  was  possible  to 
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draw  off  under  the  most  favourable  circumstauces,  bore  oulj  a 
small  proportion  to  the  entire  quantity  generated  in  the  furnace,  the 
greater  part  of  which  still  escaped  through  the  open  cylinder. 

Where  a  powerful  stack  was  at  hand,  and  where  it  was-  not  a 
xQatter  of  importance  to  economise  the  entire  amouixt  of  gas 
generated,  this  arrangement  was  in  many  instances  satisfactory.  It 
was  not,  however,  always  bo  ;  in  many  works  it  was  found  im- 
possible to  get  the  furnaces  to  work  well  after  the  gases  were  taken 
off ;  great  fretting  of  the  twyeres,  accompanied  by  frequent  scaffold- 
ing and  slipping  in  .the  furnace,  was  constantly  producing  irregu- 
larity in  its  working;  the  quantity  made  would  thus  be  much 
decreased,  and,  after  much  annoyance,  the  attempt  to  u$e  the  gases 
waff  in  such  cases  generally  abandoned,  as  productive  of  more  in- 
convenience and  loss  than  economy. 

This  was  much  more  the  case  in  South  Staffordshire  than  in 
Wales.  In  the  former  district  it  led,  after  three*  or  four  trials,  all 
with  the  same  result,  to  its  complete  abandonment.  It  was  difficult 
to  understand  the  cause  of  this  great  irregularity  in  the  results 
obtained,  which  at  first  seemed  inexplicable ;  but  this  cause  is  now 
believed  to  be  fully  understood. 

In  the  year  1849,  two  furnaces  in  Derbyshire  were  placed  in  the 
writer's  hands,  from  which  the  gases  were  taken  off  for  the  purposes 
of  heating  the  blast  The  furnaces  worked  with  considerable  regu- 
larity whenever  the  heat  could  be  properly  maintained,  but  this  was 
not  constantly  the  case,  in  consequence  of  the  opening  into  the  gas 
flues  being  situated  so  near  the  top  of  the  furnace  that,  when  the 
wind  was  in  certain  directions,  the  gas  did  not  pass  off  with  regu- 
larity, or  if  it  came  off  in  sufficient  quantity,  it  was  so  mixed  with 
atmospheric  air  that  it  burned  down  the  passages,  and  thus  occa- 
sioned great  inconvenience. 

The  writer  determined  upon  obviating  this  by  covering  the 
opening  into  the  gas  flue  with  a  wroughtiron  cylinder,  as  in  Fig,  1. 
The  tops  of  the  furnaces  were  small,  and  only  admitted  of  cylinders 
of  the  respective  sizes  of  4  J  feet  and  6  feet  being  employed.  This 
effect  was  perfectly  satisfactory,  in  enabling  a  regular  supply  of 
unignited  gas  to  be  obtained ;  but  the  furnace  with  the  4i-feet 
cylinder  began  to  scaffold  and  slip  ;    the  twyeres  were  exceedingly 

Digitized  by  VjOOQ IC 


194  BLABT   FURNACES. 

troublesome,  and  the  weekly  make  fell  off  considerably.  Aiter  a 
trial  of  one  or  two  weeks,  the  cylinder  was  taken  out,  other  means 
were  adopted  to  prevent  the  gas  taken  off  from  becoming  ignited, 
and  the  furnace  again  resumed  its  former  regularity.  The  furnace 
into  which  the  6-feet  cylinder  had  been  placed,  worked  far  better, 
but  not  quite  satisfactorily,  and  upon  the  cylinder  burning  out,  it 
was  not  replaced,  arrangements  being  made  similar  to  those 
adopted  in  the  other  furnace.  It  will  not  be  necessaiy  to  de- 
scribe the  exact  details  of  these  arrangements,  as  arrangements 
similar  in  principle,  but  improved  by  subsequent  experience,  will  be 
afterwards  described ;  they  did  not  differ  much  from  those  shown 
in  Fig.  6,  Plate  78.  Both  furnaces  have  worked  ever  since  satis- 
factorily, and  the  gases  taken  off  furnish  ail  tlie  heat  required  for 
heating  the  blast ;  no  slack  whatever  having  been  used  for  some 
years  for  the  purpose. 

It  was  evident  from  this  trial,  and  from  similar  results  at  other 
works,  that  the  irregularity  did  not  arise  from  the  mere  abstraction 
of  the  gases  themselves ;  and  there  was  only  one  other  cause  to 
which  it  could  be  attributed,  viz.,  the  narrowing  of  the  filling  part 
of  the  furnace ;  and  the  question  then  arose,  in  what  way  did  this 
operate  ?  The  first  suggestion  that  presented  itself  was  naturally 
that  the  effect  produced  arose  from  decreasing  the  area  through 
which  the  gases  generated  in  the  furnace  were  given  off,  and  thus 
causing  greater  obstruction  to  the  free  passage  of  the  blast 

This  explanation  was  soon  found  to  be  untenable. 

The  saving  effected  in  some  of  the  Welsh  works  by  the  use  of 
such  portion  of  the  gases  as  could  be  economised  by  the  use  of  the 
cylinders  employed  there,  led  to  a  wish  to  make  the  entire  quantity 
of  gas  generated  available,  by  closing  the  top  of  the  furnace,  and 
not  allowing  any  gas  to  escape  into  the  open  air. 

This  was  first  effected  by  Mr.  Levick,  at  the  Cwm  Celyn  Works. 
The  arrangement  adopted  by  him  is  seen  in  Fig.  2,  Plate  76. 

Two  cast-iron  bearers  AA  (one  of  which  only  is  visible  in  tlio 
section),  are  placed  across  the  furnace,  at  a  depth  of  about  seven 
feet  below  the  top ;  upon  these  a  cone  of  cast-iron  B  is  placeJ, 
the  base  of  the  cone  being  less  than  the  diameter  of  the  furnace ; 
a  short  cylinder  C,  about  S^  feet  deep,  is  suspended  from  the  filling 
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plate,  resting  by  a  flange,  as  in  the  case  of  the  cylinders  previously 
used,  upon  the  lining  of  the  furnace ;  and  a  second  cylinder  D,  of 
about  the  same  depth,  rests  upon  the  base  of  the  cone ;  this  second 
cylinder  being  larger  than  the  first,  and  being  moveable  around  it, 
can  be  lifted  up  by  means  of  two  bars  of  iron,  or  chains  attached  to 
it  and  passing  tlirough  openings  made  for  the  purpose  in  the 
flange  of  the  upper  cylinder ;  E  is  the  pipe  for  the  passage  of  the 
^  gases.  "When  the  lower  cylinder  rests  upon  the  cone,  as  shown  in 
the  diagram,  the  top  of  the  furnace  is  closed  in  entirely,  and  the 
space  inside  the  two  cylinders  can  be  filled  with  the  materials  con- 
stituting the  charge.  Upon  lifting  up  the  lower  cylinder,  the  charge 
immediately  falls  into  the  furnace  round  the  base  of  the  conj3 ;  and 
the  cylinder  being  again  lowered,  the  top  is  once  more  closed  in. 
By  this  arrangement  all  the  gases  can  be  economised,  and  far 
greater  heating  power  obtained. 

Another  arrangement  effecting  the  same  purpose,  was  soon 
afterwards  adopted  at  the  Ebbw  Vale  Woiks.  This  is  seen  in  Fig. 
8,  Plate  77. 

Here  an  inverted  and  truncated  cone  A,  is  fixed  in  the  top  of 
the  furnace,  resting  on  the  lining  by  a  flange,  similar  to  those  em- 
ployed to  suspend  the  cylinders.     The  truncated  end  is  closed  by 
another  cone  B,  the  apex  of  which  ascends  tlirough  the  truncated 
end  of  the  upper  cone  and  closes  it;  this  closing  cone  is  suspended 
by   a  chain,  passing  over  a  pulley,    by  which  the  cone  can  be 
lowered  or  raised  at  pleasiure  ;  C  is  the  pipe  for  the  passage  of  the 
gases.     The  lower  cone  being  raised  tip,  the  furnace  is  closed,  and 
the  materials  wheeled  into  the  upper  cone  ;   the  moveable  cone  is 
then  lowered,  and  the  materials  at  once  drop  in  around  it.     This 
arrangement  is  now  in  full  operation,  and  working  satisfactorily  at 
several  of  the  works  belonging  to  the  Ebbw  Vale  Company.     Both 
at  these  works,  and  also  at  the  Cwm  Celyn  Works,  the  furnaces 
with  the  closed  tops  work  well ;    they  carry  equal,   if  not  better 
burdens  than  those  which  are  open  ;    they  work  with  equal  regu- 
larity, and  make  an  equal  quantity  of  iron.     The  area  through 
which  the  gases  are  taken  off  is  in  some  cases  not  equal  to  that  of  a 
d.feet  pipe,  and  much  loss  than  that  of  tlie  smallest  of  the  cylinders 
which  produced  such  unfavourable  results.     Consequently,  the  in- 
jurious action  of  these  cylinders  could  not  arise  from  the  decreased 
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vent  permitted  to  the  gases,  nor  to  any  obstruction  in  the  blast 
Thdionly  other  way  in  which  the  cylinders  could  produce  any  effect 
would  be  by  causing  the  materials  filled  into  the  furnace  to  fall  too 
much  towards  the  centre  of  the  furnace ;  thus  producing  an  arrange- 
ment of  them,  which  in  some  way  acts  prejudicially  upon  its 
general  working. 

By  the  action  of  the  cones,  the  materials  wheeled  into  the  closed 
furnaces  are  scattered  round  the  side  of  th^  furnace,  and  are  thus 
arranged  as  they  would  be  in  open  furnaces  with  wide  tops.  It 
thus  became  at  once  obvious  that  cylinders  in  Wales  had  been  pnv 
ductive  of  less  injurious  consequences  to  the  general  working  of 
the  furnace  than  those  in  Staffordshire,  because  the  greater  width 
of  the  Welch  tops  had  permitted  cylinders  of  from  8  to  10  feet  to 
be  employed,  whilst  in  Staffordshire  only  cylinders  of  much  less 
size  were  practicable. 

The  important  effect  produced  on  the  working  of  the  furnace, 
chiefly  by  an  alteration  in  the  arrangement  of  the  materials  in  the 
furnace,  is  a  point  of  considerable  interest,  but  one  to  which  little 
attention  has  been  hitherto  paid. 

In  practice  it  has  been  long  known  to  the  best  managers  of  fur 
naces,  that  wide  tops  were  desirable,  and  generally  accompanied  bv 
increased  make,  but  the  precise  manner  in  which  wide  tops  acted 
was  not  clearly  known  until  the  attempt  to  use  the  waste  gases  led 
to  its  evident  explanation. 

On  the  Continent,  the  importance  of  such  arrangement  of 
materials  as  would  facilitate  the  passage  of  the  blast,  as  nearly 
towards  the  centre  of  the  furnace  as  practicable,  has  been  known 
for  some  time,  and  acted  upon,  and  the  writer  was  much  pleased  to 
find  from  M.  Tunner,  Professor  of  Metallurgy,  in  Austria,  and  con- 
nected with  the  Styrian  Iron  Works,  that  great  increase  of  make 
had  followed  tlie'^adoption  of  wide  tops  to  the  charcoal  furnaces  of 
that  district,  combined  with  a  method  of  filling,  by  which  the  coke 
or  charcoal  was  placed  in  the  centre  of  the  furnace,  and  the  ore  and 
limestone  around  the  sides. 

Some  few  months  back  a  furnace  was  placed  in  the  writer's 
hands,  which  he  found  provided  with  a  cylinder  and  other  arrange- 
ments for  taking  off  the  gases.    Although  apprehensive  that  the 

Digitized  by  VjOOQ IC 


BLAST   F0RNACE8.  197 

cylinder  would  materially  interfere  with  the  working  of  the  fdmace; 
yet,  as  everything  was  arranged  for  it,  and  as  it  was  six  feet  in 
diameter,  he  determined  to  blow  it  in  without  alteration.  This  was 
done,  the  expected  result  following,— constant  slipping,  and  fretting 
twyeres,  with  all  their  attendant  bad  results.  The  stacks  were  not 
powerful  enough  to  draw  off  the  gases,  unless  a  closed  top  was 
used,  and  the  writer  therefore  adopted  an  arrangement  somewhat 
similar  to  the  Ebbw  Yale  one ;  the  exact  fittings  and  arrangement  ard 
shown  in  Fig.  4,  Plate  77.  The  result  was  immediate,  the  furnace 
worked  with  great  regularity,  and  carried  a  good  burden,  but  white 
iron  alone  was  produced.  The  burden  was  lightened,  but  the  iron  re- 
mained white.  A  yet  farther  lightening  of  the  burden  was  made, 
but  although  the  cinder  was  exceedingly  grey,  still  the  iron  was 
white.  It  became  evident  that  a  greater  proportion  of  coke  would 
not  produce  the  desired  change,  and  was  in  fact  useless.  The  white 
iron  was  evidently  the  effect  of  the  closed  top.  A  pipe  of  nine 
inches  diameter  was  inserted  at  the  filling  place,  but  with  no  effect 
Another  pipe  was  inserted,  and  some  little  change  appeared. 

It  being  important  to  produce  grey  iron,  it  was  now  determined 
to  sacrifice  the  use  of  the  gases  entirely,  rather  than  continue  to  make 
white  iron.  The  lid  or  valve  A,  upon  the  main  gas-pipe  B,  and  also 
the  covering  E,  of  the  gas  pipe  GO,  were  now  opened,  and  a  decided 
change  was  at  once  evident.  The  iron  became  grey,  and  the  fur- 
nace worked  with  regularity.  The  white  iron  had  evidently  been 
caused  by  the  pressure  produced  by  the  closed  top  ;  and  so  extremely 
sensitive  did  the  furnace  appear  to  be  to  the  slightest  restraint  upon 
the  free  removal  of  the  gases,  that  even  a  strong  wind  blowing  into 
the  open  box,  through  which  the  gases  were  principally  escaping, 
would  throw  the  furnace  to  white  iron. 

In  Wales,  where  the  closed  tops  are  successfully  employed,  the 
production  of  white  iron  is  rather  sought  for,  and  hence  the  ten- 
dency in  closed  tops  to  produce  that  quality  is  no  disadvantage. 
In  many  cases,  however,  it  must  be  a  fatal  objection  to  their  use. 
But  for  this  objection  closed  tops  would  become  universal,  as  they 
entirely  do  away  with  the  necessity  for  a  lofty  stack,  and  enable  all 
the  gases  to  be  economised. 

That  the  tendency  to  produce  white  iron  had  no  connection 
with  the  mere  abstraction  of  the  gases  from  the  furnace  is  clearly 
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shown  by  the  results  of  the  Scotch  furnaces,  in  which  they  are  taken 
off  without  employing  closed  tops.  At  Dundyvan,  especially,  great 
attention  has  been  paid  to  this  point,  and  the  result  has  shown  that 
the  furnaces  from  which  the  gases  are  taken  work  with  equal  regu- 
larity, and  produce  grey  iron  with  equal  facility  to  those  from  which 
the  gases  are  not  taken ;  and  it  would  be  easy  to  multiply  instances 
of  tlie  same  result. 

The  manner  of  taking  off  the  gases  at  Dundyvan  is  shown  in 
Fig.  5,  Plate  78.  The  furnace  is  4(2  feet  high,  and  12  feet  diameter 
in  the  centre  ;  it  commences  to  narrow  at  12  feet  from  the  bottom 
to  form  the  boshes  and  hearth,  the  hearth  being  7  feet  wide  at  the 
bottom ;  it  also  commences  to  narrow  at  8  feet  from  the  top,  which 
at  the  filling  plate  is  8  feet  wide.  Below  the  part  so  narrowed, 
eight  flues  AAA,  four  feet  high,  and  eighteen  inches  wide,  placed 
at  equal  distances  from  each  other,  lead  into  an  annular  chamber 
BB,  running  round  the  furnace  and  continued  up  to  the  filling  plates, 
by  which  it  is  closed ;  the  pipe  C  for  the  passage  of  the  gas  is  placed 
neai'ly  at  the  top  of  this  annular  chamber.  Sometimes  the  entrances 
to  the  flues  are  covered  by  a  wrought-iron  cylinder,  ten  feet  wide, 
resting  on  a  flange,  let  into  the  lining  of  the  furnace  at  a  depth  of 
from  five  or  six  feet  below  the  filling  plates,  so  as  to  leave  a  circular 
space  between  the  cylinder  and  the  lining  of  about  twelve  inches 
width.  The  cylinder  is  not  shown  in  the  dii^ram.  Although  this 
arrangement  works  satisfactorily,  it  is  doubtful  whether  the  cylinder 
is  necessary,  and,  indeed,  it  is  more  than  probable  that  it  would  be 
destroyed  before  the  furnace  had  been  long  in  blast 

In  many  furnaces  with  open  tops,  from  which  tlie  gases  are  now 
taken,  the  use  of  the  cylinder  has  been  abandoned  altogether,  as 
needless.  Where  not  used,  it  is  however  quite  necessary  that  the 
openings  into  the  flues  should  be  at  a  sufficient  depth  from  the  top 
of  the  furnace,  to  prevent  the  possibility  of  the  admixture  of  the  gas 
with  atmospheric  air.  To  ctrect  this,  a  depth  of  ten,  twelve,  or 
even  fifteen  feet  is  sometimes  adopted  with  advantage.  The  gases 
pass  off  more  readily  at  these  depths,  in  consequence  of  the  greater 
resistance  of  the  superincumbent  materials,  and  they  are  in  a  more 
suitable  state  for  heating  purposes. 
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Fig.  6,  Plate  78,  shows  the  arrangement  adopted  for  takmg  off 
ihe  gases  at  a  furnace  recently  erected  at  Pontypool,  and  in  which 
it  will  he  seen  that  the  use  of  the  cylinder  is  ahandoned. 

In  reference  to  this  latter  point,  it  is  necessary  to  consider 
briefly  the  composition  of  the  gases,  and  the  chemical  changes 
taking  place  in  the  furnace. 

The  most  able  investigations  of  the  nature  of  the  gases  of  the 
Blast  Furnace  are  those  of  M.  Ebelmen,  and  almost  all  the  know- 
ledge we  possess  of  their  chemical  composition  will  be  foimd  in  a 
paper  communicated  by  him  to  the  "  Annales  des  Mines,"  in  1851, 
and  which  contains,  not  merely  a  resume  of  M.  Ebelmen 's  own  in- 
vestigations, but  also  an  examination  of  those  of  Messrs.  Bunsen 
and  Playfair,  as  reported  to  the  British  Association. 

From  M.  Ebelmen 's  experiments  it  would  sappear  that  the  first 
action  of  the  blast  upon  its  entrance  into  the  furnace  through  the 
twyeres  is  to  produce  carbonic  acid,  by  the  union  of  the  oxygen  of 
the  atmosphere  with  the  carbon  of  the  coke ;  this  is  accompanied 
with  the  intense  heat  required  for  the  fusion  of  the  iron  ore.  The 
carbonic  acid,  as  it  passes  upwards,  is  converted  into  carbonic 
oxide,  by  contact  with  the  carbon  of  the  incandescent  coke,  above  the 
zone  of  fusion.  As  the  carbonic  oxide  ascends  higher  in  the  furnace 
it  acts  as  a  reducing  agent  upon  the  oxide  of  iron  of  the  ore,  by 
uniting  with  the  oxygen,  by  which  a  considerable  portion  is  again 
converted  into  carbonic  acid.  The  gases  emerging  from  the  top  of 
the  fmnace  are  therefore,  from  the  result  of  the  chemical  action 
now  detailed,  and  also  from  the  carbonic  acid  liberated  from  the 
limestone  used  as  flux,  more  highly  charged  with  carbonic  acid  than 
those  which  may  be  taken  off  at  a  lower  point,  and  consequently,  to 
the  extent  of  this  greater  proportion  of  carbonic  acid,  they  possess 
less  heating  power. 

Where,  therefore,  only  a  portion  of  the  gases  are  taken  off,  as  in 
the  case  of  open  tops,  the  de[>th  of  the  flue  is  important  in  reference 
to  the  quality  of  the  gas  taken  off,  as  well  as  to  its  freedom  from 
any  admixture  with  atmospheric  air. 

In  this  notice  of  Ebelmen^s  experiments,  all  attention  to  the 
composition  of  the  gases,  except  in  reference  to  their  heating  power, 
is  purposely  omitted. 
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The  results,  at  which  we  may  be  now  said  to  have  fullj  arrived, 
are  the  following : — 

Ist. — That  the  Waste  Gases  may  be  used  with  great  economy 
in  raising  steam,  and  heating  the  blast 

2nd. — That  they  must  be  taken  off  in  such  a  manner  as  to  pre- 
vent their  mixing  with  atmospheric  air  before  they  arrive  at  the 
place  where  they  have  to  be  applied. 

3rd. — That  this  may  be  effected  in  two  ways,  either  by  pkeing 
the  openings  for  taking  them  off  sufficiently  below  the  surface  of  the 
materials  in  the  furnace,  or  by  closing  the  filling  part  entirely. 

4th. — That  the  first  plan  is  the  most  desirable  where  grey  iron 
is  requisite,  but  where  adopted  it  is  necessary  that  a  powerful 
draught  should  be  obtained  by  a  sufficiently  lofty  stack. 

5  th. — That  when  tlius  taken  off  as  gas,  they  can  be  conveyed  to 
any  distance  proportionable  to  the  power  of  draught  available, 
without  losing  any  of  their  calorific  power  beyond  that  lost  by 
simple  radiation  ;  the  whole  of  the  calorific  power  to  be  obtained 
from  their  combustion  being  economised,  until  atmospheric  air  is 
admitted  to  them  at  the  point  where  the  heating  effect  is  required. 

6th. — That  no  an*angement  of  the  filling  place  should  be  per- 
mitted which  narrows  that  part  to  less  than  eight  feet  diameter : 
from  nine  to  ten  feet,  according  to  circumstances,  being  generally 
the  most  advantageous. 


The  Chairman  remarked  that  it  was  a  very  important  and 
interesting  subject,  and  well  deserving  the  consideration  of 
ironmasters.  He  observed  that  no  heating  power,  except  the 
actual  temperature  of  the  gases,  would  be  lost  by  the  distance 
of  conveying  the  gases  away  from  the  furnace  to  the  place 
where  they  were  ignited  for  use ;  and  he  enquired  whether  it 
had  been  ascertained  what  was  the  temperature  of  the  gases 
where  drawn  off  from  the  furnaces  ? 

Mr.  Black  WELL  replied  that  it  was  not  accurately  known,  but 
it  would  not  be  very  considerable,  as  the  gases  were  not  ignited. 
In  one  mode  of  carrying  out  the  principle  that  was  adopted  in 
France,  the  gases  were  actually  passed  through  water  after 
leaving  the  furnaces,  to  separate  all  impurities  and  injurious 
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matter,  and  also  to  prevent  any  risk  of  explosion.  In  that  case 
the  only  heat  lost  would  be  the  temperature  of  the  gases  in 
coming  from  the  furnace  before  they  were  ignited. 

Mr.  Benjamin  Gibbons  remarked  that  it  had  been  first 
established  by  his  late  brother,  John  Gibbons,  that  the  size  of 
the  aperture  at  the  top  of  the  furnace  should  be  considerably 
increased  over  the  old  practice ;  the  upper  aperture  he  increased 
from  four  feet  to  nine  feet,  and  he  (Mr.  B.  Gibbons)  had  tried  it 
even  ten  feet  diameter ;  from  eight  to  nine  feet  was  foimd  the 
best  size,  and  was  indispensably  necessary  in  this  district. 

Mr.  Blackwell  said  that  when  the  top  of  the  furnace  was 
closed,  he  had  found,  in  every  instance  that  he  had  tried,  the 
production  of  white  iron ;  close  tops  seemed  always  to  produce 
that  result. 

Mr.  Slate  had  been  informed  that  at  the  Middlesboro' 
Works  in  the  North  of  England  much  stronger  iron  than  they 
required  for  castings  was  produced  by  closing  the  tops  of  the 
furnaces,  though  not  quite  white  iron,  but  a  high  number  of 
pig ;  and  that  a  considerable  reduction  of  make  was  the  general 

result. 

Mr.  Gibbons  said  that  a  plan  that  would  answer  in  one 

district  might  not  succeed  in  another  district,  on  account  of  the 

great  difference  in  the  quality  of  the  ores. 

Mr.  McCoNNELL  noticed  that  it  was  stated  in  the  paper  that 

a  greater  proportion  of  carbonic  oxide  was  found  at  one  height 

than  at  another,  and  enquired  whether  any  experiments  had 

been  made  to   ascertain  the  height  from  which  to  get  the  best 

result  ? 

Mr.  Blackwell  replied  that  from  twelve  to  fifteen  feet 

below  the  top  was  the  greatest  depth  that  he  was  aware  of  such 

a  trial  having  been  made.     Carbonic  acid  was  generated  at  the 

bottom,  as  the  product  of  combustion,  in  the  neighbourhood  of 

the  twyeres  ;  after  rising  towards  the  centre  of  the  furnace  the 

carbonic  acid  became  converted  into  carbonic  oxide,  by  taking 

up  carbon  from  the  mass  of  incandescent  fuel,  and  carbonic 

oxide  prevailed  there;    but   higher   still   the   carbonic   otKide 
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reduced  the  iron  ore,  and  much  of  it  became  carbonic  acid 
again.  At  the  top  of  the  furnace  there  was  a  considerable  pro- 
portion of  carbonic  acid^  with  a  portion  of  carbonic  oxide, 
but  in  the  centre  of  the  furnace  there  was  carbonic  oxide 
alone. 

Mr.  Slate  enquired  whether,  if  only  carbonic  oxide  ex- 
isted in  the  centre  of  the  furnace,  any  experiments  had  been 
tried  for  drawing  off  the  gases  from  the  centre  instead  of  taking 
them  from  the  top  ? 

Mr.  Blackwell  did  not  know  of  any  experiments  having 
been  made,  for  taking  the  gases  from  the  centre  of  the  furnaces, 
and  he  believed  that  fifteen  feet  from  the  top  was  the  lowest  that 
had  been  tried ;  but  it  must  be  observed  that  in  all  probability 
if  the  gases  were  drawn  off  at  a  lower  level  it  would  reduce 
the  yield  of  the  furnace,  because  the  cai'bonic  oxide  was 
required  to  reduce  the  ore  of  the  metal,  and  it  would  take 
away  so  much  of  the  reducing  power  of  the  furnace. 

Mr.  Slate  remarked  that  the  practical  effect  would  then 
be  to  shorten  the  ftimace,  and  work  with  a  very  short  furnace, 
which  was  known  to  be  bad.  He  suggested  that  perha^is  the 
reduced  make  of  furnaces  with  closed  tops  was  due  to  the 
reduction  of  the  quantity  of  air  entering  at  the  twyeres,  on 
account  of  the  resistance  to  the  discharge  from  the  top  of  the 
furnace  being  increased,  which  would  tend  to  diminish  the 
quantity  of  air  blown  in  by  the  same  blast  engine. 

Mr.  Blackwell  did  not  think  that  was  the  case,  as  it  was 
not  always  the  consequence  that  the  jrield  was  reduced  by 
closing  the  top  of  the  fumuce ;  at  Cwm  Celyn  a  rather  greater 
yield  was  found  with  a  closed  top  to  the  furnace  than  when 
open.  It  must  be  borne  in  mind,  that  from  the  different  com- 
position of  the  ores  in  different  districts,  the  plan  might  succeed 
in  one  case,  when  it  would  not  in  another. 

Mr.  Gibbons  remarked  that  the  Staffordshire  ore  required  a 
double  proportion  of  limestone  compared  to  the  Scotch  ore, 
find  therefore  more  cai'bonic  acid  was  generated  in  the  blast 

ace. 
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The  Chairican  enquired  whether  any  experiments  had 
been  made  relative  to  the  actual  economy  produced  by  the  em- 
plo3nnent  of  the  waste  gases  ? 

Mr.  Blackwbll  replied,  that  at  the  Ebbw  Vale  Works  they 
were  raising  the  steam  for  the  blast  engines  entirely  by  the 
waste  gases  from  the  furnaces,  and  also  heating  the  blast; 
and  from  15  cwt  to  one  ton  of  coal  would  otherwise  be  wanted 
per  ton  of  iron  made  for  that  purpose. 

The  Chairman  asked  whether  the  plan  was  found  to  cause 
any  injury  to  the  boilers,  or  the  heating  pipes  for  the  blast  ? 

Mr.  Blackwell  said  the  action  was  found  less  destructiye 
to  the  boilers  than  the  ordinary  fire,  because  the  heat  was  very 
uniform,  and  the  boiler  was  not  exposed  either  to  fluctuations  in 
temperature  or  excess  of  heat. 

Mr.  Slate  observed,  that  the  saving  of  the  consumption  of 
slack  in  South  Stafibrdshire  woTild  amoimt  only  to  6d.  per 
ton  upon  the  iron,  owing  to^the  small  cost  of  the  coal  usually 
burnt  under  steam-boilers. 

Mr.  Blackwell  said,  that  of  course  theie  was  a  great 
difference  in  the  value  of  slack  with  different  qualities  of  coal ; 
in  South  Staffordshire*  from  the  slack  not  having  a  caking  qua- 
lity, it  could  be  used  only  for  steam-boilers  and  inferior 
purposes ;  but  in  South  Wales,  most  of  the  refuse  slack  was  a 
valuable  material  for  making  coke,  which  increased  its  value 
very  much,  and  made  the  saving  an  important  consideration. 

Mr.  W.  Mathews  enqidred  what  would  be  the  effect  on 
the  heating  pipes,  assuming  that  the  action  on  the  boiler  was 
less  prejudicial  ?  There  might  be  a  difference  perceived  in  the 
effect  of  the  action  of  the  gases  on  the  pipes  and  boilers  in  dif- 
ferent districts  from  the  variation  in  the  quality  of  the  materials. 
Mr.  Blackvtell  replied,  that  he  had  had  the  plan  in  opera- 
tion for  three  years  in  some  furnaces  in  Derbyshire,  and  during 
that  time  no  instance  had  occurred  of  repair  being  required  for 
the  hot-air  apparatus ;  but  it  had  to  be  opened  about  every  six 
weeks  to  clear  away  the  deposit  of  dust.     He  imderstood,  how- 
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ever,  that  at  the  Dundyvan  Works  a  considerable  loss  of  heat 
appeared  to  be  caused  by  the  thick  coating  of  the  pipes  with  dust. 

Mr.  W.  Mathbws  remarked,  that  he  had  lately  been  orcr 
the  Dundyvan  Works,  in  Scotland,  where  the  gases  had  been 
applied  more  extensively  than  elsewhere,  and  was  informed  by 
the  manager  that  he  considered  they  would  be  as  well  without 
this  plan,  as  they  found  it  had  a  very  prejudicial  effect  on  the 
heating  pipes,  though  less  perceptible  on  the  boilers.  In  Wales 
they  appeared  to  be  using  the  plan  with  considerable  advantage,  on 
account  of  the  greater  price  of  fuel  and  coal  slack.  In  South 
Staffordshire  he  thought  it  doubtful  that  it  would  be  found 
advantageous ;  a  very  slight  interference  with  the  regular  work- 
ing of  furnaces  would  be  a  serious  prejudice  both  to  the  quali^ 
and  yield  of  iron,  and  would  more  than  counterbalance  any 
economy  arising  from  the  application  of  the  gases.  He  believed 
that  at  no  other  works  in  Scotland  had  the  plan  been  perse- 
vered in,  except  at  the  three  or  four  furnaces  at  Dundyvaa. 
At  the  Gartsherrie  Works  it  had  been  tried  and  abandoned. 

Mr*  Gibbons  said,  that  after  he  had  made  preparations  for 
the  trial  of  the  plan,  he  came  to  the  conclusion  that  nothing 
material  was  to  be  saved  by  the  adoption  of  it  but  15  cwt  of 
slack  per  ton  of  iron,  costing  him  only  from  Is.  to  Is.  6d.,  and 
therefore  he  had  not  proceeded  in  the  trial  of  the  plan ;  he  had 
only  proposed  to  try  it  for  the  boilers  and  the  hot  blast. 

The  Chairman  enquired  what  was  the  nature  of  the  dost 
that  was  found  to  collect  so  rapidly  on  the  pipes  of  the  hot- 
blast  apparatus  ? 

Mr.  Blackwell  replied,  that  the  chemical  character  of  the 
dust  was  not  at  present  well  understood,  but  that  the  effects 
alluded  to  by  Mr.  Mathews  arose  simply  from  the  mechanical 
action  of  the  very  large  quantity  of  minute  dust  given  off  from 
the  furnace,  which  could  not  be  cleaned  from  the  siuface  of  the 
heating  pipes  so  well  as  from  the  surface  of  the  boilers,  the 
draught  not  being  sufficient  to  prevent  it  from  being  deposited 
on  the  surface  of  the  pipes. 
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Mr.  Slate  observed,  that  a  great  quantity  of  coke  dust  and 

ore  was  carried  off  by  the  blast  from  the  conducts  of  the  furnace. 

Mr.  McCoNKBLL  enquired  whether  the  dust  could  not  be 

removed  by  drawing  the  gases  through  a  screen  of  wire-gauze, 

so  as  to  filter  the  air  before  entering  the  hot-blast  apparatus  ? 

Mr.  Blackwell  replied,  that  the  passage  for  the  air 
from  the  frimace  should  be  as  free  as  possible,  and  the  wire 
gauze  would  cause  too  much  obstruction.  In  the  French  works 
that  had  been  referred  to,  the  air  was  carried  through  water  to 
stop  all  dust  and  impurities,  which  appeared  to  accomplish  the 
object  successfully. 

The  Chairman  asked  whether  Mr.  Blackwell  agreed  with 
M.  Ebelmen's  theory  of  carbonic  acid  being  first  produced, 
then  changed  to  carbonic  oxide,  and  lastly  partly  converted  to 
carbonic  acid  again,  higher  up  in  the  furnace  ?  He  coidd  not 
understand  such  a  process. 

Mr.  Blackwell  said  he  did  not  consider  himself  competent 
to  give  any  opinion  upon  the  chemical  changes  occurring  in  the 
furnace :  he  considered  the  theory  a  probable  one,  especially  as 
it  appeared  to  be  fully  confirmed  by  M.  Ebelmen's  experiments, 
in  which  the  gases  were  taken  off  at  different  heights  of  the 
furnace,  and  subjected  to  careful  analysis. 

The  Chairman  said  he  coidd  not  think  that  the  carbonic 
oxide  took  up  an  atom  of  oxygen  from  the  oxide  of  the  metal ; 
it  was  a  law  of  chemical  affinity,  that  the  second  atom  combines 
with  less  force  than  the  first.  He  considered  it  mu«h  more 
probable  that  an  atom  of  carbon  was  taken  from  the  carbonic 
oxide  to  unite  with  the  iron ;  he  did  not  think  that  the  carbonic 
oxide  could  de-oxidise  the  iron,  and  he  could  not  understand  the 
two  reverse  processes  taking  place  at  the  same  time  in  the  furnace. 
Mr.  Blackwell  said  that  when  in  the  Exhibition,  accom- 
panied by  M.  Le  Play  (one  of  the  Jurors  of  the  Exhibition, 
and  Professor  of  Metallurgy  in  Paris)  and  Professor  Faraday, 
he  saw  some  curious  specimens,  called  "Metallic  Sponge," 
which  were  formed  of  pieces  of  iron  ore  exposed,  when  heated, 
to    a    current   of   carbonic    oxide,  or    carburetted  hydrogen. 
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which  de-oxidised  them.  M.  Le  Plaj  was  acquainted 
with  the  process  before,  but  it  was  new  to  Professor 
Faraday,  who  was  much  interested  with  the  sjiecimens.  He 
(Mr.  Blackwell)  had  not  seen  the  process  of  de-oxidation,  bat 
was  informed  that  it  was  effected  by  both  means,  either  by  car- 
bonic oxide  or  by  carburetted  hydrogen. 

The  Chairman  proposed  a  vote  of  thanks  to  Mr.  BlackweD, 
for  his  important  and  valuable   communication,   which 
passed. 


The  following  paper,  by  Mr.  William  A.  Adams^  of  Bir- 
mingham, was  then  read  : — 

ON  IMPROVEMENTS  IN  THE  CONSTRUCTION  AND 
MATERIALS  OF  RAILWAY  WAGGONS. 

The  improvements  described  in  the  present  Paper  consist 
principally  in  the  substitution  of  wrought  iron  for  wood  in  the 
constraction  of  the  under-frame  of  railway  wi^gons. 

In  the  commencement  of  1851,  the  atteotion  of  the  writer  was 
directed  to  the  construction  of  a  large  number  of  waggons  for  the 
conveyance  of  coal,  which  were  to  be  hired  for  a  term  of  years,  and 
in  which,  consequently,  the  desideratum  to  be  wned  at  was,  the 
construction  of  such  waggons  as  should  commercially  be  the  least 
costly  in  maintenance,  and  at  the  same  time  tlie  most  lasting  in 
ultimate  duration,  with  due  regard  to  first  cost. 

Experience  had  shown,  that  without  large  and  costly.repiurs  and 
replacements,  the  life  of  an  ordinary  wood  under-frame  does  not 
exceed  a  much  longer  period  than  ten  years ;  whilst  at  the  same 
time  the  experience  of  the  (3^reat  Western  Railway  had  proved  that 
iron  under-frames,  when  properly  constructed,  continue  after  many 
years*  work  in  excellent  condition. 

In  a  former  paper  (see  Proceedings,  January,  1851),  the  writer 
brought  before  the  Institution  the  question  of  the  substitution  of 
wrought  iron  of  various  sections  in  the  place  of  wood,  in  the 
construction  of  the  rolling  stock  of  railways,  with  the  view  to 
economise  weight.  A  careful  consideration  of  the  subject,  with 
the  practical  and  scientific  aid  of  Mr.  W.  P.  Marshall  and  Mr.  K 
A.  Cowper,  has  enabled  the  writer  to  produce  waggons  with  iron 
uder-frames  and  stanchions,  of  a  simple  construcUon,  and  at  tiie 
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same  time  at  only  a  trifling  excess  in  cost,  as  compared  with  the 
Qsual  wood-framed  waggons. 

These  waggons  have  been  in  daily  work  for  twelve  months,  and 
about  500  of  this  construction  are  now  working  on  the  Taff  Yale 
Bailway,  the  Monmouthshire  Bailway,  and  the  London  and  North 
Western,  and  Midland  Railways,  and  so  far  as  experience  shows  at 
present,  they  are  more  economical  in  maintenance  than  the  usual 
wood-framed  waggons,  and  give  promise  of  a  longer  life.  The 
ez}>erience  of  these  waggons  has  suggested  improvements  in  some 
of  the  minor  details  of  construction,  but  none  in  the  main  points. 

The  waggon  to  be  described  in  the  present  Paper  is  of  a  some- 
what different  class,  as  the  waggons  first  constructed  were  adapted 
for  discharging  coals  at  a  shipping  port  by  tailboard  doors,  and  the 
present  waggon  discharges  the  coal  at  the  side ;  but  the  construc- 
tion of  the  under-frame  is  essentially  the  same. 

The  tare  or  dead  weight  of  this  waggon,  to  carry  6  tons,  with 
ordinary  wheels  and  axles,  is  2  tons  19  cwt. ;  and  the  tare  of  waggons 
of  precisely  the  same  class,  constructed  by  the  writer  with  the  same 
wheels  and  springs,  is  8  tons  6  cwt;  the  iron-framed  waggon  being  11 
per  cent,  lighter.  It  is  to  be  observed,  that  at  the  present  time  there 
is  no  possible  commercial  inducement  to  the  private  waggon-owner 
to  reduce  the  dead  weight,  but  every  inducement  to  reduce  the  first 
cost,  with  due  regard  to  maintenance  and  durability ;  and,  conse- 
quently, no  attention  has  been  given  to  the  reduction  of  the  weight 
in  the  details  of  construction,  whenever  such  reduction  of  weight 
entails  any  additional  trouble  or  cost. 

The  construction  of  the  improved  waggon  is  shown  in  Plates 
79  and  80. 

Fig.  1  is  a  side  elevation  of  the  waggon ; 

Fig.  2,  an  end  elevation  ; 

Fig.  3,  a  plan  of  the  under-frame ;. 

Fig.  4,  a  transverse  section  of  the  waggon ; 

Fig.  5,  a  longitudinal  section  of  the  end  of  the  waggon  ; 

Fig.  6.  a  section  of  the  centre  cross  bearer ; 

Fig.  7  shows  enlarged  sections  of  the  frame-iron  A,  the  cross- 
bearer  C,  and  the  stanchions  H,  specimens  of  which  are  exhibited ; 
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the  smaller  section  of  fintme-iron  D  is  used  for  a  smaller  dmss  of 
waggon. 

The  soles  AA,  and  head-stocks  BB,  are  constmcted  of  the  larger 
frame-iron,  which  is  8  inches  deep,  4^  inches  wide  on  the  bottom 
flange,  and  13-d2nds  of  an  inch  thick ;  the  weight  is  SOlbs.  per  foot. 
The  section  of  the  frame-iron  is  designed  according  to  the  principle 
discussed  in  the  former  Paper,  so  as  to  obtain,  with  the  least  wei^t 
of  material,  the  greatest  amount  of  strength  under  the  particular 
circumstances  to  which  it  is  subjected ;  the  mass  of  metal  in  tfie 
section  is  situated  at  ^e  three  extreme  points,  yertieallj  and  hori- 
zontally, to  afford  the  greatest  strength,  and  the  ends  are  thickened 
to  ll-16ths  of  an  inch  at  the  top,  and  13-16ths  of  an  inch  at  the 
bottom.  This  frame-iron  is  rolled  in  a  similar  manner  to  ordinary 
angle  iron.  The  comers  of  the  frame  are  mitred,  being  sawn  cold 
by  a  machine  set  at  an  angle  of  45®,  which  ensures  truth  in  the 
joint.  On  the  under  side  the  comers  are  secured  by  a  plate  5 
inches  wide  by  f  inch  thick,  fixed  with  three  f-inch  rivets  at  each 
end.  The  top  of  the  frame-iron  is  secured  by  a  knee  ^^x^  inch, 
fixed  with  three  f-inch  rivets  on  the  side,  and  two  at  the  end. 
Below  this  the  comer  is  further  secured  by  an  angle  iron  knee 
d^x|-  inch,  fixed  to  the  side  with  two  f-inch  rivets,  fCnd  to  the  end 
with  one  rivet,  the  other  hole  taking  one  of  the  bolts  of  the  buffer- 
block.  A  little  draw  is  given  to  all  the  rivet-holes,  by  which  means 
the  two  pieces  of  frame  are  forced  together  at  the  comer,  making  a 
secure  and  rigid  joint. 

The  cross  bearer  C  in  the  centre  is  made  of  J  iron,  6x3  inches, 
and  f  inch  thick ;  it  is  notched  at  the  ends,  to  fit  over  the  bottom 
flange  of  the  frame-iron,  to  which  it  is  secured  by  two  |-inch  rivets 
through  the  bottom,  and  an  angle  iron  knee  at  the  side.  The  cross 
bearer  and  head  stocks,  where  weakened  in  the  centre  by  boring 
for  the  draw-bar,  are  flitched  on  each  side  by  two  5  x  f  inch  plates. 
The  diagonals  DD  are  of  fir,  11x3  inches,  laid  flatways;  their 
outer  ends  abut  against  a  piece  of  d-inch  angle  iron,  rivetted  to  the 
head  stocks,  and  they  rest  upon  the  lower  flanges  of  the  frame-iron 
and  of  the  cross  bearer  in  the  centre,  being  packed  with  fir  packing 
to  bring  the  upper  side  of  the  diagonals  flush  with  the  under  side 
of  the  floor. 
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The  floor  E  is  of  fir,  7  x  2|-  inches,  laid  longitudinally,  and  it  is 
fitted  tight  inside  the  frame,  flush  with  the  top  of  the  frame  iroui 
abutting  against  the  thickened  top  edge  of  the  firame,  so  as  to  form 
a  very  strong  and  rigid  bracing  to  the  frame.  The  floor  rests  upon 
fir  packings  at  the  ends  and  centre,  and  is  spiked  down  to  the  four 
diagonals.  It  is  to  be  observed  that  one  important  advantage  in 
this  method  of  flooring  is,  that  the  floor  forms  an  entire  panel, 
bracing  the  under-frame  in  all  directions,  and  materially  assisting 
the  end  resistance  of  the  firame  at  the  buffer-blocks. 

The  buffer-blocks  FF  are  of  elm,  and  fixed  by  three  J-inch 
bolts,  with  heads  inside,  and  nuts  recessed  in  the  face  of  the  buffer- 
block,  for  the  convenience  of  tightening  up  when  they  loosen  in 
work. 

The  axle- guards  GG  are  two  pieces  of  plate,  f  inch  thick,  and 
fixed  with  four  f-inch  rivets  through  each  leg.  The  fixing  of  these 
guards  being  made  with  short  rivets,  measuring  but  one  inch  length 
between  the  heads,  effects  a  perfectly  firm  job,  and  none  of  them 
have  been  found  to  loosen  in  work,  with  the  exception  of  one  or 
two  cases,  where  the  rivet-heads  have  broken  off,  firom  imperfect 
workmanship  or  material. 

The  waggon  is  moimted  on  the  improved  springs,  SS,  that  were 
brought  before  the  Institution  by  the  writer  in  a  former  paper 
(see  Proceedings,  January  and  April,  1850),  which  reduce  the  total 
weight  148  lbs.  in  the  set  of  four  springs,  ond  the  expense  pro- 
portionally, with  the  same  extent  of  elastic  action  as  the  ordinary 
springs.  The  spring  shoes  are  of  cast  iron,  fixed  with  a  f-inch 
bolt  to  the  bottom  flange  of  the  firame-iron,  and  prevented  firom 
turning  round  by  a  lip  at  the  back,  fitting  against  tho  firame. 

The  stanchions,  HH,  to  support  the  ends  are  made  of  tramway 
iron,  SJ-x  2  inches,  and  are  fixed  to  the  firame  by  two  J-inch  rivets. 
A  small  cross  bearer  of  hard  wood  is  fixed  between  the  firame  and 
the  diagonal,  to  carry  the  side  knee. 

The  construction  of  an  Ordinary  Wood-firamed  Waggon,  of  the 
same  size  and  class,  is  shown  in  Figs.  8,  9,  and  10,  Plate  80.  Fig.  8  is  a 
side  elevation,  Fig.  9  a  cross  section.  Fig.  10  a  plan.  The  soles,  A  A, 
and  head  stocks,  BB,  are  of  oak,  12  x  4|-  inches,  mortised  together, 
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and  secured  by  transverse  bolts  through  the  entire  firame.  The 
floor  is  laid  crossways  upon  the  soles :  with  the  same  height  of 
buffers,  this  waggon  carries  the  load  6|-  inches  higher  than  the  iron- 
framed  waggon. 

The  objects  aimed  at  in  the  construction  of  the  iron  framed  raU' 
way  waggon  described  above,  are — 

First,  increase  of  durability,  and  consequent  economy  in  the 
expense  of  maintenance,  by  the  substitution  of  iron  for  wood  in 
those  parts  that  are  subjected  to  constant  strains  and  concassions, 
tending  to  rack  the  joints  and  make  them  work  loose.  In  wood 
framing  this  action  exposes  it  to  great  injury,  from  wet  penetrating 
the  joints;  and  the  wood  is  liable  to  be  shaken  and  split;  bat  in 
the  iron  framing  the  joints  are  fitted,  iron  and  iron,  with  very  short 
bolts  and  rivets,  and  are  as  rigid  and  durable  as  boiler-woik;  an^ 
the  iron,  when  protected  from  oxidation  by  paint  or  tar,  is  of  ff^ 
durability,  remaining  nearly  as  sound  as  at  first,  afrer  such  a 
number  of  years'  work  as  is  the  ordinary  limit  of  the  work  to  be  got 
out  of  a  wood  frume. 

The  second  object  is  diminution  of  weight  in  the  fr«me,  and 
consequent  economy  in  the  dead  weight  to  be  conveyed  and  the 
expense  of  locomotive  power.  This  reduction  of  weight  amounts  to 
11  per  cent,  and  the  resulting  economy  is  an  important  considera- 
tion, as  a  proportionate  increase  of  load  can  be  conveyed  at  the 
same  expense  of  locomotive  power  ;  but  at  the  same  time  it  tanst 
be  remarked  that  this  point  has,  from  commercial  reasons,  received 
but  little  or  no  attention  at  present,  and  the  weight  of  constmction 
is  capable  of  much  further  reduction. 


Mr.  McCoNNELL  considered  that  the  waggon  that  had  been 
described  was  an  important  step  in  the  right  direction,  both  as 
regarded  durability  and  reduction  of  weight ;  he  had  suggested 
some  time  since  to  Mr.  Adams,  the  consideration  of  a  reduction 
in  the  dead  weight  of  railway  waggons,  having  had  experience 
of  the  cost  of  dragging  the  present  great  proportion  of  dead 
weight.  He  thought  the  construction  adopted  by  Mr.  Adam^ 
was  very  good,  and  that  he  had  arriyed  at  a  good  practical 
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section  of  angle  iron>  indeed^  the  very  best  section  next  to  a 
tube..  Economy  in  dead  weight  was  a  very  important  subject, 
and  this  Institution,  by  such  Papers,  might  effect  great  economy 
in  the  expenses  of  railway  working,  by  reducing  the  dead 
weight  to  be  conveyed.  He  considered  that  much  more  might 
be  effected  in  that  respect  than  was  commonly  supposed. 

Mr.  Adams  observed,  that  his  first  attention  had  been  drawn 
to  iron-framed  waggons,  by  trying  to  reduce  the  weight ;  but  in 
the  present  waggon  his  only  object  had  been  to  obtain  greater 
economy  in  durability  and  expense  of  maintenance,  without  ex- 
ceeding the  ordinary  expense  of  construction. 

Mr.  H.  Wkight  remarked  that  he  had  many  thousand 
waggons  at  work  on  the  North  Staffordshire  and  other  lines,  a 
number  of  them  iron-firamed,  though  mostly  wood-framed, 
and  he  found  that  there  was  a  greater  expenditure  in  the  repairs 
of  the  iron-framed  waggons.  The  greatest  increase  of  expense 
was  mainly  in  the  failure  of  the  bolts  that  fixed  the  axleguards, 
which  get  sheared  off  by  the  sharp  edges  of  the  iron  plate,  from 
the  rough  usage  to  which  the  waggons  were  subjected  in  shunting 
about  at  stations ;  but  in  wood-framed  waggons  the  elasticity  of 
the  wood  saved  the  bolts  from  breaking  with  a  sudden  blow. 
The  waggons  got  so  seriously  injured  by  the  blows  that  the 
wheels  received  by  being  run  against  the  stops  fixed  at  the  ends 
of  sidings,  and  this  made  the  fixing  of  the  axle-guards  an  im- 
portant matter.  He  quite  agreed  with  Mr.  Adams  that  it  was  a 
great  advantage  to  reduce  the  dead  weight. 

Mr.  E.  JoxES  thought  that  one  of  the  greatest  sources  of 
injury  in  knocking  about  waggons  on  railways,  was  from  the 
want  of  spring  buffers ;  they  should  all  have  spring  buffers  at 
one  end,  and  the  extra  expense  would  be  amply  returned  in  the 
saving  of  injury  in  wear  and  tear. 

The  Chairman  said  that  he  agreed  in  the  opinion  that  all 
railway  stock  should  have  spring  buffers;  it  would  cause  a 
great  saving  in  the  expense  of  repairs,  and  greatly  increase  the 
dorability  of  the  waggons;  but  if  there  was  one  only  end  of 
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each  with  buffers^  the  two  dead  buffers  would  be  often  liable  to 
get  together^  which  would  be  as  bad  as  no  spring,  and  there       I 
could  be  no  complete  carrying  out  of  the  principle  without       t 
spring  buffers  at  both  ends. 

Mr.  Slate  thought  that  railway  waggons  should  not  be  re*  I 
quired  to  be  built  for  running  off  the  line.  It  was  an  important 
point  to  Railway  Companies  to  avoid  running  off  the  line,  and  the 
knocking  about  of  waggons  at  the  stations,  and  such  bad  usage 
should  be  prevented.  A  saving  in  dead  weight  would  have 
the  advantage  of  diminishing  the  injury  in  accidents,  if  com- 
bined with  equal  strength. 

Mr.  Adams  enquired  whether,  in  the  iron-framed  waggons       I 
mentioned  by  Mr.  Wright  (in  ^  which  the  axleguard  bolts  were 
found  to  shear  off),  the  axleguards  were  not  of  the  old  shape, 
fixed  on  only  with  three  or  four  f  inch  screw-bolts,  and  the  nuts       | 
working  loose,  would  make  them  liable  to  break  off.      He  had 
not  found  any  proof  of  deficient  strength  in  all  the  number  he       i 
had  made,  in  which  eight  f -inch  rivets  were  employed  to  hold 
each  axleguard. 

Mr.  H.  Weight  replied  that  in  some  cases  only  four  screw-       i 

bolts  were  used,  but  they  broke  off  without  the  nuts  coming  loose: 

The  bestform  of  axleg  uard  for  the  purpose,  he  thought,  was  that        , 
shown  in  the  wood-framed  waggon.  (Plate  80),  which  had  two 

side  arms,  giving  great  support  by  the  extended  leverage.  | 

The  Chairman  remarked  that  that  certainly  was  the  best 

form  of  axleguard,  and  it  would  be  best  for  the  iron-framed 

waggons    also,   which    would   make    a    good  job.       It    was 

certainly  a  most  important  point  to  i  educe  the  dead  weight,        I 

but  at  the  same  time  the  waggons  must  be  made  strong  enough        i 

to  stand  running  off,  to  diminish  the  length  of  delay  in  case  of 

accidents;  all  running  stock  must  be  strong  enough  to  bear 

accidents.     He  proposed  a  vote  of  thanks  to  Mr.  Adams,  which 

was  passed,  and  expressed  a  hope  that  this  course  of  improve*        | 

ment  would  be  still  further  pursued. 


I 
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The  following  paper,  by  Mr,  Paul  R.  Hodge,  of  London, 
was  then  read : — 

ON   A  NEW  SELF-LUBRICATING  AXLE-BOX  FOR  RAIL- 
WAY  ENGINES  AND  CARRIAGES,  AND  A  SELF-ACTING 
SPRING  CROSSING  POINT. 
No  part  of  the  machinery  of  a  railway  requires  constant  lubri- 
cation more  than  the  axle  journals  of  locomotives,  tenders,  and 
carriages,  as  the  heating  of  one  journal  in  the  wh6le  train  is 
sufficient  to  produce  the  most  serious  results,  not  only  in  delay 
to  the  traffic,  but  endangering  the  lives  qf  the  passengers  in  the 
train. 

Notwithstanding  the  great  attention  this  point  has  received, 
scarcely  a  train  that  passes  over  our  roads  (in  the  summer  more 
particularly),  but  some  one  or  more  of  the  axle  journals  heat.     In 
one  instance  the  writer  experienced,  the  whole  train  had  to  be 
passed  into  a  siding  for  more  than  two  hours,  before  it  could  again 
proceed  on  its  journey.     He  was  induced,  through  what  he  had  ex- 
perienced of  the  difficulties  attendant  on  the  use  of  grease  as  a 
labricator,  and  from  what  he  knew  of  the  use  of  oil  in  the  United 
States,  to  write  to  the  inventor  of  the  best  lubricating  box  in  that 
country,   knowing  that  the  difference  of  cost  of  lubricating  was 
more  than  one-half  in  favour  of  oil,  with  a  proper  box.     He  ob- 
tained a  patent  in  this  country  for  the  inventor,  and  on  application 
to  Mr.  J.  E.  McConnell,  of  the  London  and  North  Western  Rail- 
way, a  trial  of  the  axle  box  was  at  once  made  on  some  of  their 
oaffiages. 

On  no  railway  in  the  United  States  is  grease  used  as  a  lubricator ; 
many  patents  have  been  taken  out  in  that  country  for  axle  boxes, 
but  the  plan  now  brought  before  the  meeting  seems  to  be  preferred, 
and  is  universally  adopted.  The  average  distance  that  carriages  run 
there  before  any  additional  oil  is  supplied  to  the  boxes,  or  before  the 
journals  and  brasses  are  examined,  is  8000  miles.  This  fact  has  been 
fully  corroborated  by  the  working  of  these  boxes  on  the  London  and* 
North  Western  Railway.  The  first  boxes  were  put  on  the  tender 
of  No.  182  Engine,  which  was  immediately  put  on  to  the  most 
trying  work,  during  hot  weather,  sometimes  running  express  trains 
^  the  highest  speeds,  and  at  other  times  at  the  worst  possible  work. 
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ballasting ;  and  yet  after  running  6000  miles  in  four  months,  irith- 
out  any  additional  oil,  the  journals  and  brasses  were  in  as  perfect  a 
condition  as  when  new. 

This  axle  box  is  shown  in  the  accompanying  engravings. 

Fig.  1,  Plate  81,  Longitudinal  section ; 

Fig.  2,  Ti-ansverse  section ; 

Fig.  8,  Front  elevation. 

Fig.  4,  Back  elevation. 

A,  the  axle ;  B,  the  journal ;  CO,  a  wrought-iron  collar,  shnuik 
on  to  the  axle,  having  a  groove  turned  into  it,  to  receive  the  leather 
DD,  which  is  shown  separately  in  Fig,  5. 

EE  the  brass  bearing,  TF  the  upper  chamber,  which  is  filled 
full  of  cotton  waste,  flax,  sponge,  or  any  other  capillary  material,  to 
retain  and  pass  the  oil  up  to  the  journal ;  G  is  the  lower  or  secondary 
chamber,  for  the  reception  of  the  dirty  oil,  which  finds  its  way  down 
the  space  at  the  back  of  the  bridge  wall,  with  a  tap  screw  at  the 
bottom  to  let  out  the  oil ;  H,  an  iron  plate  bolted  to  the  back  of  the 
box,  to  keep  the  leather  flange  to  its  place ;  I,  a  covering  plate 
bolted  on  to  the  front  of  the  box,  which  is  the  only  opening  into 
the  box,  besides  the  hole  K  for  supplying  oil,  closed  by  a  screw. 

The  results  of  the  trial  of  the  new  axle  boxes  in  the  tender 
No.  1R2,  upon  the  London  and  North  Western  Railway,  have  been 
oflicially  repoited  as  follows,  to  Mr.  McConnell  by  his  assistants.  The 
axle  boxes  have,  up  to  20th  Sept.  last,  run  5743  miles ;  the  bearings 
have  been  examined,  and  are  found  in  very  satisfactory  state.  No 
oil  has  been  supplied  since  the  first  day  of  running,  four  months 
previously ;  1 0  quarts  of  oil  have  been  supplied  to  the  boxes  alto- 
gether, and  5  quarts  have  been  drawn  off  during  the  time  from 
the  bottom  chamber,  which  is  still  good  oil  for  screwing,  drilling, 
and  other  ordinary  work ;  the  oil  remaining  in  Uie  boxes  is  con- 
sidered sufficient,  without  more  being  added,  to  run  at  least  from 
3000  to  4000  miles  more.  The  journals  and  brasses  are  wearing 
beautifully,  witli  faces  as  though  polished  in  the  latter ;  and  a  great 
advantage  is  found,  that  the  great  wear  endways  does  not  take  place 
on  the  brasses,  as  in  the  ordinary  boxes  using  yellow  grease  or 
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tallow.  The  cost  of  lubricatioD  is  greatly  reduced,  as  appears  from 
the  following  account  of  the  comparative  consumption  of  the  above 
tender  with  the  new  axle  boxes,  and  another  tender  exactly  similar, 
except  that  it  was  fitted  with  old  boxes  on  Normanville  s  plan,  using 
tallow,  both  tenders  having  run  the  same  distance,  6000  miles, 
under  the  same  circumstances  of  trains,  and  the  weather  being  dry 
and  dusty  nearly  the  whole  of  the  time. 

NEW   AXLE   BOXES. 

S.    d. 

Oil  put  into  the  boxes  at  starting,  10  quarts  at  9d 7     6 

Credit  by  5  quarts  drawn  off  from  the  bottom  chamber,  at  6d.  2     6 

Actual  cost  of  oil         5     0 

Cotton  waste,  4  lbs.  at  Sd 0     8 

Leatliers,  4^  at  Is 4     6 

10    a 
Actual  cost  per  day,  1.54d.,  or  ...     l^d.  per  day. 

OLD   AXLE    BOXES. 

Tallow  required  per  day,   2   lbs.,  at  4^d.,  or      ...     9d.    per  day. 


Saving  per  day  on  the  6  New  boxes, 7j-d.  per  day.' 

Cwt.  Qrs.  lb. 

Weight  of  the  6  Old  axle  boxes     3     1     0 

Weight  of  the  6  New  axle  boxes 1     2  20 


I 


Saving  in  weight  of  the  6  New  boxes     ..-.     1     2     8 

The  advantages  of  this  Axle  box  over  those  now  in  use  are —  ' 

Firstly — The  perfect  exclusion  of  dirt  or  gi-it  from  the  box,  by  , 

means  of  the  leather  and  wrought-iron  collar. 

Secondly — The  certainty  of  constant  and  Xlever-failing  lubrication 
to  the  journals  and  brasses  by  means  of  the  capillary  medium 
placed  in  a  separate  chamber,  and  detached  from  the  back  of  the 
box  by  means  of  the  bridge  wall,  so  that  tlie  hydraulic  lead  of  the 
oil  can  be  carried  much  higher  than  the  joint  of  the  leather  and 

Digitized  by  VjOOQ IC 


216  AXLB-BOX  AND  SPRING   CROSSINa. 

collar,  allowing  the  upper  chamber  to  be  fiill  of  oil  if  necessary,  whik 
it  is  impossible  that  any  oil  can  leak  out  at  t2ie  back. 

Thirdly — The  provision  of  a  secondary  or  tmder  chamber  for 
the  dirty  oil  to  drop  into,  fi*om  which  it  is  drawn  off,  refined,  and 
again  returned  to  the  upper  chamber,  or  is  used  in  the  machine 
shop  for  drilling,  cutting  bolts,  and  many  other  purposes,  and  is 
equally  good  as  new  oil. 


Self 'dieting  Point  for  Crossings, 

This  crossing  point,  commonly  called  the  Frog  Point,  is  gene- 
rally used  on  the  railways  of  the  United  States. 

It  is  unnecessary  on  the  present  occasion  to  detail  to  practical 
engineers  the  difficulties  and  likewise  danger  experienced  by 
running  engines  and  carriages  at  high  speeds  over  the  present 
crossings.  It  will  be  sufficient  to  describe  the  improved  crossing 
point,  which  is  brought  before  the  meeting  as  a  remedy  for  the 
evils  attendant  on  the  crossings  now  used. 

Fig.  6,  Plate  82,  is  a  plan  of  the  simplest  construction  of  the 
spring  crossing,  and  Fig.  7  a  transverse  section.  A  A  is  the  main 
line  rail,  and  B  B  the  cross  line,  the  crossing  point  G  being  the 
same  as  usual,  but  the  wing  rails  D  D  are  each  moveable  on  a  stud  at 
the  end,  acting  like  switches,  and  two  pins  E  E,  are  fixed  to  them 
on  the  under  side,  passing  through  slots  in  the  bed  plate.  An 
India-rubber  ring,  G  G,  is  passed  round  these  studs,  which  draws 
them  together,  and  keeps  the  moveable  tongues  D  D  in  close  contact 
with  the  crossing  point,  so  that  the  rail  presents  an  uninterrupted 
surface  for  the  trains  running  through  either  line,  the  flanges  of 
the  wheels  opening  the  tongue  on  the  opposite  side,  which  closes 
again  direcUy  they  have  passed. 

Fig.  8,  Plate  83,  is  a  plan  of  another  construction  of  the  crossing, 
and  Fig.  9  a  transverse  section.  In  this  the  India-rubber  spring  GG 
acts  as  a  buffer  spring,  being  put  upon  a  horizontal  spindle  H, 
which  passes  through  the  two  studs  E  E  on  the  moveable  tongues 
D  D,  and  has  a  washer  at  each  end  to  confine  the  India-rubber 
buffer  springs,  which  are  constantly  pressing  the  moveable  tongues 
against  the  fixed  crossing  point. 
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The  main  feature  in  both  of  these  arraDgements  is  in  having  a 
complete  uninterrupted  tread  for  the  wheel  whilst  passing  through 
the  crossing,  at  the  same  time  ensuring  a  certainty  of  action  in 
whichever  direction  the  train  is  passing. 

The  onlj  difference  between  the  two  buffer  springs  and  the  round 
spring  of  India-rubber  is,  that  the  former  is  compressed  and  the 
latter  is  distended ;  but  either  plan  is  found  to  work  with  certainty, 
and  the  India-rubber  spring  is  found  to  be  very  durable. 


Mr.  McCoNNELL  said  that  he  believed  the  statement  in  the 
Paper  was  correct  about  the  results  of  the  trial  he  had  made  of 
the  axle-box.  There  was  a  perfect  exclusion  of  .dirt  from  the 
journal^  and  the  keeping  it  constantly  in  contact  with  the  oil  was 
an  important  advantage.  He  was  satisfied  they  must^  ere  long, 
abandon  grease  for  oil ;  there  was  a  great  loss  of  power  from  defec- 
tive lubrication  of  the  carriage  and  waggon  journals  in  cold  wea^^ 
ther^  as  there  was  no  lubrication  in  action  on  first  starting^  until 
the  journals  got  heated,  and  then  they  were  liable  to  get  too  hot^ 
and  the  grease  ran  away,  and  was  scraped  off  the  outside  of  the 
boxes  and  put  in  again  mixed  with  grit  at  the  stations.  Oil  was 
generally  ready  for  action  in  any  weather,  atid  he  thought  railway 
companies  must  ultimately  adopt  oil  for  aU  moving  journals, 
particularly  with  the  present  increase  in  the  speed  of  trains,  and 
the  weight  on  the  working  bearings. 

Mr.  Lea,  of  London,  mentioned  a  new  material  for  lubrica- 
tion that  he  was  bringing  into  application ;  it  had  been  tried 
some  years  since  by  Mr.  Ramsbottom,  with  very  satisfactory 
results ;  but  further  trials  had  been  suspended  tiU  now,  from 
difficulties  of  the  inventor,  who  was  now  dead.  This  lubri- 
cating substance  consisted  of  a  peculiar  semi-fiuid  composition, 
applicable  to  the  present  axle-boxes;  oil  was  the  basis  of 
the  composition,  but  thickened  with  India-rubber  and  other 
materials ;  it  had  an  affinity  for  the  iron  bearing,  which  pre- 
vented the  displacement  of  the  material  from  the  rubbing  siirface. 
The  manufacture  of  the  material  was  not  .expensive,  costing 
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only  4d.  per  lb. ;  and  when  charged  at  16d.  per  lb.  it  had  been 
found  in  the  trial  made  that  there  was  a  very  considerable  saving 
in  the  cost  of  lubrication  compared  with  the  ordinary  grease  or 
tallow.  He  wished  to  make  a  further  trial  of  it  on  railways,  and 
thought  it  would  prove  an  important  improvement.  There  was  a 
great  advantage  in  this  plan^  from  requiring  no  change  in  the 
present  axle-boxes.  No  ordinary  pressure  in  the  bearings  could 
squeeze  out  the  lubricating  material;  therefore  it  remained 
between  the  surfaces,  preventing  contact,  and  consequently  pre- 
venting any  heating  by  friction. 

The  Chairman  said  they  would  be  glad  to  have  the  results 
of  a  further  trial  of  the  new  lubricating  material,  and  to  receive 
more  particulars  at  the  next  meeting. 

Mr.  £.  Jones  observed  that  the  use  of  a  spring  crossbg 
point  was  not  new  in  this  country;  it  had  been  in  regular 
operation,  for  six  years,  on  the  Great  Western  Railway,  also  on 
the  Bristol  and  Exeter  and  the  South  Wales  lines;  and  fourteen 
years  since  he  remembered  something  of  the  kind  in  use  on  the 
Hartlepool  Railway.  He  had  made  several  hundreds  with  flat 
steel  springs,  originally  of  his  own  invention,  at  Bridgewater, 
for  those  lines.  A  2J-feet  spring  was  used  for  crossings  of  600 
feet  radius,  and  a  S^-feet  spring  for  900  or  1000  feet  radius, 
according  to  the  curve.  The  springs  were  2J  inches  wide 
and  J  inch  thick,  tapered  to  3-16ths  of  an  inch.  He  gave 
a  sketch  of  the  spring  crossing  (see  Plate  83,  Figs.  10  to  14). 
He  had  tried  some  with  India-rubber  springs,  but  did  not  £nd 
them  so  lasting  as  steel  springs,  which  were  all  adopted. 
The  steel  springs  were  found  to  answer  the  purpose  very 
satisfactorily,  and  there  was  not  experienced  any  objection  to 
them  in  working.  They  were  very  durable.  There  had  been  some 
instances  of  springs  breaking,  but  they  were  very  easily  re- 
placed. The  crossings  were  made  safe  in  any  case,  though 
broken,  by  the  tongues  being  prevented  from  rising  or  getting 
wrong,  even  if  the  bolt  broke  or  came  out,  as  the  moving 
tongue  was  bound  down  b^  strong  clips  at  each  end. 
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The  Chairman  said  lie  remembered  that  on  the  Stockton 
and  Darlington  Railway  spring  crossing  points  were  tried  at 
one  time^  but  were  abandoned,  from  getting  knocked  to  pieces 
with  the  increase  of  speed  and  weight  in  the  engines.  He  was 
not  before  aware  of  their  general  use  in  America.  He  doubted 
their  permanent  durability  and  use  where  there  was  large  traffic. 
He  thought  the  axle-box  described  in  the  paper  was  a  very 
successful  application  of  oil^  and  was  very  likely  to  accomplish 
an  important  desideratum  in  the  satisfactory  employment  of  oil 
instead  of  grease,  it  being  undoubtedly  a  much  more  correct 
material  for  lubrication. 

Mr.  Adams  inquired  about  the  working  of  Normanville^s 
and  other  oil'-tight  grease-boxes — ^what  was  the  result  found  in 
working  ?  He  observed  that  an.  axle-box  had  been  brought  out 
some  years  since  by  his  Father,  for  a  similar  pilose,  with  a 
leather  collar,  to  prevent  the  waste  of  grease  or  oil. 

Mr.  H.  Wright  said  that  Normanville's  first  axle-box  was 
intended  to  feed  in  front,  with  the  supply  of  grease  below  the 
journal,  and  filled  up  close  to  it.  But  the  grease  was  found  to  lose 
its  nature  and  get  hard  below  the  journal ;  and  the  box  was  then 
improved  by  keeping  the  grease  in  a  chamber  above,  as  in  the 
ordinary  boxes.  He  had  known  several  kinds  of  oil-boxes,  but 
they  were  all  liable  to  the  spilling  of  the  oil  from  side  blows 
and  oscillations.  The  employment  of  the  cotton  waste  in  the 
axle-box,  described  in  the  paper,  he  thought  was  decidedly  a 
good  plan  to  prevent  the  oil  from  spilling  over,  and  he  enqidred 
the  result  that  had  been  found  in  the  trial  on  the  London  and 
North-Western  Railway? 

Mr.  McCoNNELL  replied,  that  there  appeared  to  be  no 
spilling  or  loss  of  oil,  and  the  dust  and  grit  were  effectually  kept 
out  of  the  box.  The  oil  drawn  off  from  the  bottom  chamber 
▼as  very  black  and  thick,  and  not  suitable  to  use  again  in  that 
state,  though  it  might  be  fit  for  drilling  purposes,  &c. ;  but  afier 
being  properly  purified,  it  was  very  good  for  lubrication  again« 
There  was  a  bridge  at  the  back  of  the  axle-box,  just  high  enough 

r 
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to  prevent  the  oil  from  flowing  off;  the  oil  did  not  come  into 
contact  with  the  leather  joint,  which  was  only  to  prevent  the 
entrance  of  grit  and  dust. 

Mr.  E.  Jones  said  he  remembered  that  on  the  North  UnioD 
Railway,  many  years  since,  Mr.  Williams  had  tried  a  collar  or 
picking-up  ring  on  the  middle  of  the  journal,  which  dipped  into 
cotton  waste  saturated  with  oil  whilst  revolving,  contlnaally 
picking  up  a  supply  of  oil  for  lubricating  the  journal. 

Mr.  Chellingworth  remarked,  that  there  was  a  plan 
of  lubrication  with  a  cork  ball,  about  one  inch  diameter ;  two 
of  these  balls  floated  on  the  surface  of  the  oil,  rolling  against 
the  journal  to  distribute  the  oil.  He  believed  it  was  a  French 
invention,  but  did  not  know  the  result  of  its  application. 

Mr.  McCoNNBLL  said  he  was  not  acquainted  with  that  plan. 
The  leather  in  the  new  axle-boxes  was  not  found  to  wear  away, 
and  appeared  likely  to  last  a  long  time,  as  there  was  no  pressure 
or  strain  upon  it ;  the  leather  was  not  bent,  but  simply  fitted 
easily  into  the  groove  in  the  iron  collar,  which  was  shrunk  on  to 
the  axle. 

Mr.  H.  Wright  observed,  that  the  leather  would  probably 
wear  the  iron  away  before  it  was  worn  away  itself;  he  had 
found  it  necessary  in  Normanville's  axle-box  to  increase  tlie 
surface  of  contact  by  a  longer  bearing  of  the  leather  collar  on 
the  axle,  to  allow  for  the  wearing  away  of  the  iron  by  the  con- 
stant grinding  action  with  the  particles  of  grit. 

Mr.  Allan  remarked,  that  he  had  used  sponge  in  the 
axle-boxes  of  engines  for  the  last  ten  years,  and  found  the 
results  very  satisfactory.  They  found  that  the  consumption  of 
oil,  which  was  previously  six  to  eight  quarts  for  the  100  miles  trip 
between  Birmingham  and  Liverpool,  wds  now  reduced  to  one 
quart,  partly  by  the  introduction  of  sponge  in  the  axle-boxes  of 
the  ten  bearings  of  the  engine  and  tender.  The  plan  stiU  oon- 
tinued  very  successful,  and  they  had  adopted  it  generally  i& 
their  engines  and  tenders. 
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The  Chairman  enquired  whether  the  sponge  was  placed 
below,  to  catch  the  oil  falling  from  the  bearings  ?  and  was  the  oil 
fed  from  above  as  usual  ? 

Mr.  Allan  said  that  was  the  mode  of  application;  the 
sponge  wiped  up  the  oil,  thus  preventing  the  loss  of  the  oil 
that  would  have  dropped  from  the  journal,  and  keeping  the 
journal  constantly  oiled  smoothly  over. 

Mr.  McCoNNELL  thought  that  sponge  would  be  liable  to 
get  hard  with  a  hot  axle,  and  that  the  cotton  waste  would  be  a 
better  plan.  In  the  new  axle-box,  the  great  improvement,  he 
considered,  was  in  having  the  reservoir  of  oil  below  the  journal 
instead  of  above ;  this  appeared  to  be  the  best  mode  of  applica- 
tion, as  any  grit  or  impurities  in  the  oil  settled  to  the  bottom,  and 
were  prevented  from  coming  in  contact  at  all  with  the  journal 
by  that  arrangement,  which  could  not  be  entirely  prevented 
when  the  reservoir  was  above  the  journal.  The  lower  separate 
ing  chamber  for  the  waste  oil  was  also  an  important  improve- 
ment, keeping  up  a  constant  gradual  separation  of  the  ^mpure 
o3,  and  affording  a  great  means  of  economy  in  using  the  oil 
over  again,  after  being  purified.  The  leather  collar  was  a  very 
effective  and  simple  contrivance  to  exclude  the  grit  and  dust, 
which  were  a  great  source  of  expense  and  injury  in  the  ordinary 
axle*boxes. 

Mr.  SiJiTB  asked  what  was  the  comparative  economy  of  the 
American  axle-box  and  Mr.  Allan's  plan  ?  In  the  latter  plan, 
there  was  consumed  one  quart  of  oil  for  100  miles,  but  in  the 
other  there  was  said  to  be  five  quarts  for  6,000  miles^  or  one 
quart  only  for  more  than  1,000  miles. 

Mr.  Allan  remarked,  that  the  one  quart  of  oil  that  he  had 
mentioned  was  used  for  all  the  bearings,  moveable  joints,.  &c., 
of  the  engine  and  tender^not  for  the  a:ide-boxcs  alone,  as  in  the 
trial  of  the  new  axle-box ;  and  he  had  no  means  of  knowing 
what  proportion  of  the  whole  was  consumed  by  the  axle-^ 
journals. 
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The  Chairman  asked  Mr.  Allan  to  give  a  sketch  rf  Ms 
Bponge  axle»box^  with  an  expesrim^ital 'trial  on  the  coosumptiofi 
of  oil  in  the  axle-boxes  alone,  independent  of  the  rest  of  the 
engine. 

Mr.  Aliah  said  that  he  would  grve  it  at  the  nextmeetmg  of 
the  Institution,  and  woidd  try  for  a  week  or  two  the  actoal 
consumption. of  oil  in  the  axle-boxes,  te  iascertain  the  proportion 
as  far  as  was  practicable. 

Mr.  Forsyth  (of  Wolverton)  remarked,  that  iHie  circQi»- 
stance  had  not  been  mentioned,  in  the  description  of  the  new 
axle-boxes  tried  on  the  London  and  North  Western ;  the  cottoD 
was  rammed  in  tolerably  tight  from  the.firont^^  plliy^g  the  boxes 
up  solid  except  against  the  ends  of  the  axles.  The  cottoa  vss 
put  in  dry,  and  it  became  gradually  saturated,  by  pooring  u 
oil  from  time  to  time  at  the  top  hole ;  it  woidd  continue  to 
absorb  oil  for  several  days.  The  surface  of  the  cottoD 
waste,  when  examined  after  rimning  the  6000  miles,  wae 
like  |fe.  metallic  polished  surfa€>e  next  the  journal,  but  still 
it  was  found  satur$ited  with  oil  close  up  to  the  surface  of  contact. 
The  leathers  were  cut  straight  up  f  inch  from  the  axle,  but  not 
bevilled,  to  get  them  into  the  groove  of  the  iron  collar,  but  no 
leakage  was  found  to  take  place,  as  the  cotton  was  not  ons- 
saturated,  and  the  oil  never  came  in  contact  with  the  leather  so 
high  up  as  the  cut. 

The  Chairman  proposed  a  vote  of  thanka  to  Mr.  Hodge  for 
his  Paper,  which  was  passed,  and  expressed  a  wibh  fmr  furdier 
information  about  the  results  of  trial  of  the  axle-box. 


The  Meeting  then  adjourned ;  after  which  specimens  wen 
exhibited,  by  Mr.  J.  McConochie,  of  Wednesbiiry,  of  a  net 
Permanent-way  Chair  for  Railways. 
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PROCEEDINGS. 


The  Sixth  Annual  General  Meeting  of  the  Members  was 
held  at  the  house  of  the  Institution,  Newhall  Street,  Bimiingham, 
on  Wednesday,  Januaiy  26th,  1853,  Robert  Stephenson,  Esq.,  M.P., 
President,  in  the  Chair. 

The  Minutes  of  the  last  General  Meeting  were  read  by  the 
Secretary,  and  were  confirmed. 

The  Secretary  then  read  the  following 

ANNUAL  REPORT  OF  THE  COUNCIL, 
1863. 


The  Council  have  the  satisfaction  of  congratulating  the  Members 
on  this  occasion  of  the  Sixth  Anniversary  of  the  Institution,  upon 
the  advancement  and  progress  of  the  Institution,  and  its  increasing 
efficiency  and  success. 

The  number  of  Members,  &c.,  for  the  last  year  is  204,  of  whom 
13  are  Honorary  Members,  and  3  are  Graduates. 

The  financial  statement  of  the  affairs  of  the  Institution  for  tlie 
year  ending  Slst  December,  1852,  shows  a  balance  in  the 
Treasurer's  hands  of  £173  Is.  3d.,  after  the  payment  of  all 
accounts  due  to  that  date.  The  Finance  Committee  having  ex- 
amined and  checked  all  the  receipts  and  payments  of  the  Institu- 
tion for  the  last  year,  1852,  have  reported  that  the  following  balance 
sheet,  rendered  by  the  Treasurer,  is  correct. 

(See  Balance  Sheet  appended.) 
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The  Council  have  the  pleasure  of  announcing  that  the  foUowiBS 
Donations  to  the  Library  of  the  Institution  have  been  receiveJ 
during  the  past  year  : — 

C.  Cowper,  on  the  Great  Exhibition  Building  of  1851,fri>ni 
the  Author. 

D.  K.  Clarke,  on  Railway  Machinery ;  from  the  Author. 

G,  D.  Dempsey,  on  the  Machinery  of  the  Nineteenth  Centunr: 
from  the  Author. 

W.  Johnson,  on  the  Patent  Law  Amendment  Act ;  from  the 
Author. 

W.  Spence,  on  tlie  Present  State  of  the  Law  of  Patents ;  from 
the  Author. 

Journal  of  the  Society  of  Arts. 

Minutes  of  Proceedings  of  the  Institution  of   Civil  Engineers 

The  Artizan  Journal ;  from  the  Editor. 

The  Civil  Engineer  and  Architect  s  Journal ;  from  the  Editor. 

The  London  Journal  of  Arts  ;  from  the  Editor. 

The  Mechanics'  Magazine  ;  from  the  Editor. 

The  Milling  Journal ;  from  the  Editor, 

The  Practical  Mechanics'  Journal ;  from  the  Editor. 

Engravings  of  New  Express  and  Luggage  Engines ;  by  Mr. 
J.  E.  McConnell. 

Improved  and  Ordinary  Safety  Lamps,  and  new  Carnage 
Lamp  ;  by  Mr.  Samuel  Thornton. 

Busts  of  the  Duke  of  Wellington  and  Sir  Robert  Peel ;  pre- 
sented by  Mr.  Robert  Rawlinson 

Bust  of  Tredgold ;  presented  by  Mr.  Jonathan  D.  Ikin. 

Bust  of  Murdoch ;  presented  by  Mr.  J.  E,  McConnell. 

The  Council  refer  with  great  satisfaction  to  the  practical  valae 
and  interest  of  the  Papers  that  have  been  presented  to  the  Institu- 
tion during  the  last  year,  and  express  their  thanks  to  the  Authors 
of  the  Papers  for  the  valuable  information  they  have  furnished  to 
the  Institution.  The  Council  confidently  anticipate  continued 
advancement  in  the  importance  and  number  of  Uie  communications 
brought  before  the  Institution,  and  they  have  promises  of  sevcrd 
valuable  Papers  for  the  ensuing  yeai*. 
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The  following  Papers  have  been  read  at  the  Meetings  in  the 
last  year : — 

On  an  Improved  Boiler  for  Marine  Engines ;    by  Mr.  Andrew 

Lamb,  of  Southampton. 
On  an  Improved  Break  for  Eailway  Carriages,  &e,  ;    by  Mr. 

William  Handley,  of  London. 
On  a  Continuous  Expansion  Steam  Engine ;    by  Mr.  James 

Samuel,  of  London. 
On  a  New  Mode  of  Measuring  High  Temperatures ;  by  Mr. 

John  Wilson,  of  St.  Helens,  Lancashire. 
On  the  Expansive  Working  of  Steam  in  Locomotives  ;  by  Mr. 

Daniel  K.  Clark,  of  Edinburgh. 
On  a  New  Portable  Lifting  Machine ;  by  Mr.  J.  E.  McConnell, 

of  Wolverton. 
On  the  Mathematical  Principles  Involved  in  the  Centrifugal 

Pump;  by  Mr.  Andrew  J.-Robertson,  of  London. 
On  the  Expansive  Working  of  Steam  in  Locomotives  ;  (second 

paper),  by  Mr.  Daniel  K.  Clark,  of  Edinburgh. 
On  the  Expansion  of  Isolated  Steam,  and  the  Total  Heat  of 

Steam,  by  Mr.  Charles  W.  Siemens,  of  London. 
On  Bourdon  s  Metallic  Barometer,  Indicator,  and  other  Appli- 
cations of  the  same  principle ;  by  Mr.  Charles  Cowper,  of 

London. 
On  a  New  Improved  Screw  Propeller;    by   Mr.   George  H. 

Bovill,  of  London. 
On  a  New  Direct-Acting  Steam  Pump ;    by  Mr.  William  K. 

Whytehead,  of  London. 
On  Improved   Fire-Brick  Gas  Retorts ;    by  Mr.  J.  E.  Clift,  of 

Birmingham. 
On  the  Arrangement  of  the  Materials  in  the  Blast  Furnace, 

and  the  Application  of  the  Waste  Gases ;  by  Mr.  Samuel  H. 

Blackwell,  of  Dudley. 
On  Improvements  in  the  Construction  and  Materials  of  Rail. 

way  Waggons  ;  by  Mr.  William  A.  Adams,  of  Birmingham. 
On  a  New  Self-lubricating  Axle  Box  for  Railway  Engines  and 

Carriages ;  by  Mr.  Paul  R.  Hodge,  of  London. 
On  a  Self-Acting   Spring  Crossing   Point  for  Railways ;  by 

Mr.  Paul  R.  Hodge,  of  London.  ^<^  t 
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The  Council  are  desirous  particularly  to  call  the  attention  of 
the  Members  to  the  importance  of  the  preparation  of  Papera  on 
some  engineering  subjects  that  have  come  under  their  attention, 
foj  the  purpose  of  advancing  the  objects  of  the  Institution,  by  the 
communication  and  interchange  of  information  and  e^erience  npon 
improvements  and  practical  working,  and  extendmg  the  utility  of 
the  Institution,  in  promoting  improvements  and  affording  oppor- 
tunity for  carrying  out  practical  investigations  and  experiments- 
A  list  of  proposed  subjects  for  Papers  is  appended,  and  theCouncU 
invite  communications  from  the  Members  and  their  friends  on  these 
and  otlier  subjects  that  will  be  serviceable  and  interesting  to  the 
Institution ;  and  they  also  invite  the  Members  to  aid  in  the  forma- 
tion of  the  coUection  of  mechanical  models  and  drawings,  and 
books  for  the  library,  with  indicator-cards  from  steam  en^es.  and 
statistical  returns  of  the  working  of  engines,  ifrc.  so  as  to  extend 
the  utility  of  the  Institution.  * 

The  Officers  of  the  Institution,  and  five  of  the  Members  of  the 
Council  in  rotation,  go  out  of  office  this  day,  according  to  the 
rules,  and  the  baUot  wiU  be  taken  at  the  present  Annual  Meeting 
for  the  election  of  the  Officers  and  Council  for  the  ensuing  year. 
An  increase  m  the  number  of  Vice-Presidents,  from  three  to  sue. 
was  proposed  at  therlast  meeting  of  the  Institution,  to  be  submitted 
to  the  decision  of  the  Members  at  the  present  Annual  Meeting. 

The  Chairman  congratulated  the  members  on  the  eminent  suc- 
cess of  the  Institution ;  during  the  six  years  since  its  foundation  it 
had  been  steadily  increasing  m  prosperity,  in  the  importance  of  the 
proceedings,  and  the  number  of  members. 

The  transactions  during  those  years  showed  a  list  of  papers  in- 
cluding many  important  subjects  ;  many  of  them  subjects  of  great 
interest,  occupying  the  attention  of  the  profession.  Amongst  the 
papers  he  might  allude  to  two  that  occurred  to  him :  Mr.  Blackwell's. 
-  On  Iron  Furnaces,"  and  Mr.  Clark's,  "  On  Locomotive  Engines; 
which  he  considered  very  valuable  contributions  to  this  InstituUon. 
and  to  science  in  general.  He  hoped  the  members  would  keep  up 
well  the  supply  of  practical  papers ;  and  in  addition  to  such  papenr. 
he  wished  to  call  the  attention  of  the  members  to  the  value  and 
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desirability  of  supplying  to  the  Institution  reports  on  any  success- 
ful experiments  that  came  under  their  attention  and  experience. 
He  also  considered  that  it  would  be  a  great  advantage  not  to  con- 
fine these  reports  to  successful,  but  also  to  report  on  unsuccessful 
experiments ;  the  best  way  to  succeed  was  to  be  acquainted  with  the 
failures  that  had  occurred.  Failure  implied  an  erroneous  judgment 
on  some  one  or  more  points ;  and  well-recorded  facts,  whether  of 
success  or  failure,  were  most  valuable,  as  the  means  of  rectifying 
and  avoiding  in  future  the  erroneous  judgments  that  had  been  pre- 
viously formed ;  and  he  hoped  that  all  the  members  would  not 
hesitate  to  report  any  failures  that  occurred  to  themselves,  or 
that  came  under  their  observation.  He  remembered  that  one  of 
the  first  mechanical  works  that  had  been  put  into  his  hands  by 
his  father  was  the  "  Repertory  of  Inventions,"  and  he  especially  ex- 
plained to  him  the  reasons  why  he  considered  different  inventions 
would  not  answer ;  more  was  learned  often  from  failures  than  from 
successes. 

On  the  motion  of  Mr.  S.  Thornton,  seconded  by  Mr.  A.  Allan, 
the  Report  was  received  and  adopted. 

Mr.  E.  Marshall  moved  a  vote  of  thanks  to  the  Council  and 
Officers  of  the  Institution,  for  their  services  during  the  past  year ; 
the  motion  was  seconded  by  Mr.  R.  Williams,  and  passed. 

The  Chairman  moved,  according  to  the  proposal  made  at  the 
last  general  meeting,  that  the  number  of  Vice-Presidents  be  in- 
creased from  three  to  six ;  and  the  motion  was  passed  unanimously. 
The  Chairman  then  announced  that  the  ballot-papers  had  been 
opened  by  the  Committee  appointed  for  the  purpose,  and  the  follow- 
ing Officers  and  Members  of  Council  were  duly  elected  for  the 
ensuing  year. 

President : 
Robert  Stephenson,  M.P.,  London. 
Vice-PregidenU  : 
Charles  Beyer.  Manchester. 
William  Faikbairn,  Manchester. 
James  E.  McConnell,  Wolverton. 
John  Penn,  London. 
Arohibald  Slate,  Dudley. 
Joseph  Whitworth,  Manchester. 
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Council: 
Samuel  M,  Blackwell,  Dudley. 
John  E.  Clii-t,  Birmingham. 
Benjamin  Fothkboill,  Manchester. 
Richard  Peacock,  Manchester. 
J.  Scott  Bussell,  London. 

Treasurer  : 
Charles  Geach,  M.P.,  Birmingham. 

Secretary  : 
William  P.  Marshall,  Birmingham. 


The  Chairman  announced  that  the  following  new  members  were 
also  elected  • — 

Francis  Adk[ns,  Birmingham. 
William  G.  Craig,  Newport 
Edward  Duclos  de  Bodssois,  Paris. 
George  England,  London. 
Joseph  Fraber,  Berkswell. 
Henry  Marten,  Wolverhampton. 
Edward  J.  Patne,  Birmingham. 
Joseph  P.  Ronayne,  Cork. 
John  Ross,  Birmingham. 
Edward  Slaughter,  Bristol. 
Thomas  Spencer,  Westbromwich. 


The  Chairman  observed,  that  as  he  had  the  honour  to  be  i^ 
elected  as  President  of  the  Institution,  he  should  be  happy  to  sene 
during  the  next  year ;  after  which  time  it  was  proposed  that  the 
President  should  be  changed  annually,  or  at  least  every  two  years, 
according  to  tlie  plan  that  was  now  generally  adopted,  and  was 
found  to  work  most  advantageously  in  other  institutions,  such  as 
the  Geological  and  the  Astronomical  Societies,  the  Institution  of 
Civil  Engineers,  &c.  He  was  satisfied  this  change  would  be  condu- 
cive to  tlie  permjment  interests  of  the  Institution ;  but  in  any  case, 
whether  in  or  out  of  oflSce,  he  should  have  great  pleasure  in  testify- 
ing the  interest  that  he  felt  in  the  Institution,  by  doing  all  in  bis 
power  to  promote  its  welfare,  and  advance  its  objects. 
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The  following  paper,  by  Mr.  John  McConochie,  of  Wednesbury, 
was  then  read  : — 

ON  AN  IMPROVED  RAILWAY  CHAIR. 
The  consideration  of  the  best  means  of  increasing  the  dura- 
bility of  that  part  of  the  permanent  way  of  railways  which  consists 
of  its  Rails  and  Chairs,  has  received  much  attention  of  late  from 
practical  engineers,  the  subject  having  been   brought  more  pro- 
minently into  notice  by  the  wear  and  tear,  or.  destruction  that  takes 
place  in  this  portion  of  railway  plant ;    the  double-headed  rails 
becoming  in  some  places  unfit  for  use  within  five  or  six  years  from 
the  time  they  are  laid  down.     The  cause  of  their  so  soon  becom- 
ing deteriorated  seems  mainly  to  arise  from  the  insufficiency  of  the 
common  descnption  of  Chair.     This  insufficiency  is  clearly  proved 
by  the  thousands  of  tons  of  rails  that  are  now  being  returned  into 
different  works  as  old  iron,  the  bottom  head  being  almost  as  sound 
as  when  rolled,  except  having  indentations  every  three  feet  where 
the  Chairs  have  been  fixed  ;    the  rails  being  thus  so  much  damaged 
as  to  be  unfit  for  reversing,  according  to  the  original  intention.  Such 
being  the  case,  it  proves  the  importance  of  using  some  description 
of  Chair  which  will  support  and  secure  the  rail  without  injury  to 
its  dui*abi1ity. 

The  subject  of  the  present  Paper  is  an  improved  Railway  Chair, 
which  it  is  believed  will  meet  this  requirement,  and  increase  the 
durability  of  the  rails  from  25  to  50  per  cent. 

Figs.  1,  2,  3,  4,  and  5,  Plate  1,  represent  this  improved  Chair, 
as  supplied  to  the  Liverpool,  Crosby,  and'  Southport  Railway. 
These  views  show  the  nature  and  object  of  the  Chair;  it 
consists  of  two  parts,  first,  the  body  of  the  Chair  A,  and  secondly, 
the  abutment-piece  B ;  the  key  C  is  made  of  either  wood  or 
iron,  but  the  former  is  preferred ;  a  space  D,  of  about  l-8th  of 
an  inch  is  left  between  the  lower  head  of  the  rail  and  the  sole  of 
the  chair ;  the  fillet  E  fits  loosely  into  the  groove  cast  in  the  abut- 
ment-piece, which  prevents  the  possibility  of  its  being  driven  out 
of  the  Chair.  The  weight  of  the  Joint  Chair  here  shown  is  85lbs., 
and  the  weight  of  intermediate  Chairs  for  the  same  section  of  rail 
averages  261bs.,  which  is  not  more  than  the  weight  of  the  ordinary 
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description.  When  it  is  desirable  to  remove  the  rails,  the  operatioD 
is  as  follows  : — ^the  lock  key  C  is  driven  out,  which  allows  the  nil 
to  rise  vertically  out  of  the  Chair,  carrying  with  it  the  abutmeot- 
piece,  so  that  the  operation  of  turning  the  rail  is  performed  as 
easily  as  when  the  common  description  of  Chair  is  used.  In  the 
latter  the  support  of  the  rail  i^  entirely  dependent  on  the  wooden 
key,  whereas  the  improved  Chair  forms  of  itself  a  self-acting 
fastening  for  the  rails,  thereby  offering  considerable  facilities  for 
laying  in,  repairing,  or  relaying  the  road.  Besides,  as  trains  mar 
pass  over  them  immediately  the  rail  is  laid-in,  before  keying  up,  it 
shows  the  comparative  unimportant  office  the  wooden  key  has  to 
perform  in  these  Chairs,  in  comparison  with  those  in  ordinary  Chairs. 
In  the  latter  the  keys  require  continual  replacing  and  supervision, 
which  forms  a  considerable  item  in  the  maintenance,  both  in  super- 
intendence and  materials  ;  in  the  improved  Chair  the  office  of  the 
wooden  key  is  simply  to  lock  the  rail  in  the  Chair,  thus  forming  » 
more  complete  bond  between  the  rail  and  the  sleeper. 

It  may  be  observed  at  the  same  time,  that  several  of  these 
Chairs  have  now  been  in  use  three  or  four  months  without  any  keys; 
the  lateral  force  of  the  abutment-piece  serving  to  some  extent  as  a 
key  to  them.  This  point  of  superiority  of  the  improved  Chur  over 
those  in  common  use  should  not  be  overlooked,  for  if  the  keys  in 
the  latter  are  omitted  or  get  loose  and  work  out,  it  is  to  the  peril  of 
the  trains  that  pass  over  them ;  while  in  the  new  Chair  it  has  been 
proved  that  such  an  omission  is  not  attended  with  any  danger,  ex- 
cept imder  extraordinary  circumstances,  where  there  may  be  a 
liability  of  the  earthwork  slipping. 

That  this  improved  Chair  adds  to  the  stability  of  the  road  and 
stiffens  the  rail,  is  proved  by  ilie  experiments  which  are  appended 
to  this  Paper. 

The  prominent  feature  in  the  improved  Chair  consists  in  its 
preserving  the  lower  head  of  the  rail  from  injury,  while  the  upper 
one  is  in  use,  by  supporting  the  rail  as  shown  in  the  drawing.  The 
object  being  to  obtain  the  maximum  amount  of  wear  out  of  a  given 
quantity  of  material,  by  wearing  down  successively  the  top  sod 
bottom  surfaces  of  the  rails. 
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The  durability  of  the  rails  greatly  depends  on  the  strength  and 
steadiness  of  the  fastenings,  which  is  one  of  the  advantages  of  this 
Chair,  from  the  fact  of  downward  pressure  tending  to  tighten  its 
bold  on  the  rail :  this  is  an  important  point,  as  theoretically,  Chairs 
to  be  perfect  should  be  as  tight  to  the  rails  as  if  they  formed  a  part 
of  them.  The  fact  of  the  ordinary  Chairs  being  an  inefficient  fasten- 
ing, has  led  to  the  abandonment  in  many  instances  of  the  double- 
headed  section  of  rail,  notwithstanding  its  many  advantages  when 
used  in  combination  with  transverse  sleepers.  In  the  opinion  of 
the  writer,  by  the  adoption  of  the  present  method  of  fishing  at 
the  joints,  combined  with  better  inteimediate  fastenings  than  the 
ordinary  Chair,  the  double-headed  rail  and  transverse  sleeper  cannot 
fail  to  outlive  all  the  expedients  which  have  been  resorted  to  of 
late  years  to  supersede  this  construction  of  permanent  way,  which 
is  common  to  the  Northern  Districts,  the  fatherland  of  railways. 

The  ordinary  fastenings  are  loosened  and  deteriorated  princi- 
pally by  the  alternate  upward,  downward,  and  lateral  pressure,  from 
the  deflexion  of  the  rails  between  the  supports.  In  tlio  improved 
Chair,  the  combined  action  of  the  lock-key  and  abutment-piece 
prevents  this  injurious  action  going  on,  as  in  the  ordinary  Chair,  in 
the  comparative  ratios  (as  shown  in  the  experiment)  of  from  50  to 
100  per  cent,  according  to  the  different  weights  applied. 

With  the  ordinary  Chair,  the  tendency  of  the  rail  to  get  bent 
and  crooked  operates  very  materially  to  lessen  its  durability  ;  for  in 
some  instances,  even  if  the  lower  head  were  not  notched,  it  would 
not  be  fit  to  reverse  unless  straightened,  and  the  fibres  consequently 
disturbed,  &c. ;  but  with  the  improved  Chair  the  liability  to  get  bent 
is  greatly  lessened  by  the  additional  stiffness  these  Chairs  give  to 
the  rail. 

Widi  the  view  of  securing  a  more  uniform  road,  and  preventing 
the  possibility  of  the  Joint  Chair  canting,  it  is  recommended  that 
a  sleeper  be  laid  lengthways  underneath  the  Joint  Chair,  as  shown 
at  AA  in  Figs.  13  and  14,  Plate  3. 

Another  modification  of  the  improved  Chair  is  shown  in  Fig.  8, 
Plate  1 .  It  presents  more  bearing  surface  to  the  rail  than  any 
other  Joint  Chair  in  use,  consequently  it  greatly  strengthens  the 
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rail  at  the  joint.  It  diflFers  from  the  Chair  ah-eady  described,  in 
having  two  abutment- pieces  instead  of  one,  which  are  made  fast  by 
wroughtiron  keys,  as  shown  at  1 1 :  when  the  keys  are  backed,  the 
rail  can  be  lifted  vertically  out  of  the  Chair. 

The  results  of  some  experiments  made  some  time  back,  by  Mr. 
James  Samuel,  upon  the  rails  of  the  Eastern  Counties  Railway,  by 
interposing  gold-leaf  between  the  rail  and  the  chair,  showed  that  th« 
amount  of  surface  in  contact  between  the  rail  and  their  ordinary  in- 
termediate Chairs  was  1}  s<l-  inches.  This  appears  a  liberal  calcula- 
tion, but  if  we  take  it  as  an  approximation,  it  gives  a  result  of  rather 
more  than  6  to  I  in  favour  of  the  improved  Chair ;  for  as  the  two 
jaws  of  the  Chair  are  equal  unitedly  to  12  inches  in  length,  and  as 
the  width  of  their  contact  with  the  neck  of  the  rail  may  be  taken 
at  i  of  an  inch,  tlie  total  bearing  surface  is  9  square  inches,  instead 
of  H  inches.  Therefore  if  we  take  the  weight  of  an  engine  driving 
wheel,  hammering  along  at  the  rate  of  30  or  40  miles  an  hour, 
to  be  equal  to  a  force  of  nine  tons,  this  would  throw  a  pressure  of 
6  tons  on  the  square  inch  on  the  li  square  inch  of  rail  in  contact 
with  the  sole  of  the  common  Chair ;  but  it  would  only  amount  to 
1^  tons  per  square  inch  on  the  underside  of  the  head  of  the  rail  in 
the  improved  Chair ;  so  that,  while  the  former  pressure  is  sufficient 
to  indent  the  rail,  the  latter  will  probably  prove  quite  harmless. 

Objections  have  been  raised  to  this  Chair  on  the  ground  that  the 
tendency  of  the  jaws  will  be  to  tear  the  head  off  the  rail.  This  would 
be  the  case  if  the  jaws  were  tapered  to  an  edge,  instead  of  being 
rounded  to  the  same  curve  as  the  underside  of  the  head  of  the  rail 
the  part  in  contact  with  it.  With  an  edge  they  would  by  degrees 
work  their  way  into  the  head  of  the  rail,  until,  lamination  taking  place, 
a  separation  of  the  top  from  the  bottom  part  of  the  rail  would  ensue. 
The  writer  understands  that  something  of  this  sort  took  place  on 
the  London  and  Birmingham  Railway  with  some  of  the  first  Chairs 
laid  down  on  that  line.  In  these  Chairs  a  portion  of  the  weight 
was  carried  on  the  sole  of  the  Chair,  as  in  ordinary  Churs  at  the 
present  time,  but  in  order  to  give  greater  support  to  the  rail,  the 
arm  of  the  Chair  opposite  the  key  bore  right  against  the  head  of 
the  rail ;  it  was  found,  however,  that  as  soon  as  the  under  head  be- 
gan to  bed  into  the  Chair,  the  whole  of  the  weight  came  on  the  top 
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of  the  arm  or  side  of  the  Chair,  against  which  arm  it  was  backed 
up,  though  inefficiency,  by  the  key  on  the  other  side  of  it,  but  the 
Chair  being  only  the  same  width  as  the  common  one,  did  not  pre- 
sent much  bearing  surface  to  the  rail ;  the  weight  then  bearing  on 
such  a  narrow  surface  caused  the  head  of  the  rail  to  be  indented 
and  injured,  and,  consequently,  the  attempt  to  support  the  rail  at 
these  two  points  at  tlie  same  time  was  abandoned.  The  failure  of 
these  Chairs,  however,  cannot  be  taken  as  an  argument  against  the 
success  of  this  improved  description.  For  example,  a  strong  pair 
of  shears,  while  its  edges  are  square  and  sharp,  will  cut  through 
the  thickest  boiler-plate  ;  to  this  the  Chairs  just  alluded  to,  which 
injured  the  rails,  may  be  compared ;  but  if  the  cutting  edges  of 
those  shears  were  rounded,  and  the  surface  increased,  then  the 
strongest  machine  that  was  ever  yet  constructed  for  shearing  would 
be  unable  to  effect  an  incision ;  in  like  manner  the  improved 
Chairs,  with  their  edges  rounded  to  the  curve  of  the  rail,  and  ex- 
tended longitudinally  (as  shown  in  the  drawings)  would  be  unable 
to  cut,  but  merely  hold  the  rail  secure. 

The  following  are  the  principal  advantages  of  this  Chair : — 

1st. — The  lower  head  of  the  rail  is  preserved  free  from  injury, 
while  the  upper  one  is  in  use. 

2nd. — The  abutment-piece,  or  loose  jaw,  forms  a  self-acting 
fastening. 

3rd. — ^The  Improved  Chair  gives  the  rail  great  additional  stiff- 
ness, vertically  and  laterally. 

4th. — The  length  of  the  jaws  of  the  Chairs  causes  the  distance 
of  unsupported  rail  between  Chairs  placed  the  usual  dis- 
tance apart  to  be  less  than  with  those  in  ordinary  use. 

5th. — This  Chair,  by  preventing  the  ends  of  the  rails  lipping, 
and  securing  level  joints,  lessens  the  wear  and  tear  of  the 
rolling  stock,  and  promotes  ease  in  travelling. 

6th. — The  keys  require  much  less  attention,  as  their  office  is 
not  to  support  the  rail,  as  in  the  common  Chair,  but  only 
to  keep  it  from  rising  in  the  Chair. 

7th. — The  above  advantages  are  secured  at  a  very  slight  extra 
expense  on  the  first  cost  of  tlie  chair. 
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In  conclusion  it  may  be  stated,  that  the  Engineers  i?ho  hsxe 
adopted  the  improved  Chair,  admit  that  the  advantages  hers 
enumerated  are  so  far  fully  borne  out  in  practice. 

The  following  experiments  were  made  with  Mr.  Marshall  on 
these  chairs : — 

First  Experiment. 

The  rail  experimented  upon  was  the  same  section  as  used  on 
the  Liverpool,  Crosby,  and  Southport  Kailway,  viz.,  6  inches  deep 
and  2i  inches  broad  in  the  head,  by  f  inch  thick  in  tbe  web,  and  72lbs. 
per  yard.  One  of  these  rails  being  placed  in  one  of  the  improved 
Chairs,  as  shown  in  Fig.  9,  Plate  2,  downward  pressure  was  ap- 
plied by  the  hydraulic  ram  H,  at  the  points  A  B,  until  the  end  of 
the  abutmen^piece  in  the  Chsdr  cracked  at  C,  through  the  deflec- 
tion of  the  rail ;  the  rail  being  taken  out,  the  permanent  deflection 
was  t  of  an  inch  in  the  3  feet  between  the  centre  of  the  supports 
A  and  B.  The  pressure  when  the  end  of  the  abutmen^piece 
cracked  was  nearly  40  tons.  While  the  rail  was  deflecting  the 
motion  of  the  scale  upon  the  surface  of  the  rail  was  veiy  conspi- 
cuous. The  amount  of  deflection  of  the  rul  was  the  entire  cause 
of  the  fracture  of  the  abutment-piece. 

Second  Experiment 

The  pressure  was  applied  on  a  joint  Chair,  and  two  intermediate 
Chairs,  as  shown  in  Fig.  10.  The  same  experiment  was  then  tried 
with  common  Chairs  instead  of  the  improved  Chairs,  a  line  being 
drawn  across  in  each  case  to  gauge  the  deflection  at  D  and  E. 

The  results  are  shown  in  the  following  table  : — 

TABLE    OF   EXPERIMENTS   ON   DEFLECTION   OF   RAIL. 


Pressure. 

Deflection 
with  Improved  Chair. 

Deflection 
with  Ordinary  Chair. 

Tods. 

inches. 

Inches. 

15 

— 

— 

20 

— 

— 

31 

40 

•01  (about) 
•07 

•02  (about) 
•12 

50 

U 

•16 

60 

•14 

•19 

70 

•16 

•25 

At  40  tons  pressui*e  one  of  the  outside  Chairs  broke  across  the 
sole,  but  another  being  substituted  for  it,  the  experiment  proceeded 
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without  interruption,  the  result  obtained  being  as  stated  above. 
The  lateral  deflection  in  each  case  was  as  shown  in  Fig.  12,  when 
eitamined  after  the  experiment,  being  one-half  less  with  the  improved 
than  with  the  ordinary  Chairs.  These  results  were  unexpectedly 
satisfactory,  proving  the  superiority  of  the  new  Chair  over  those  in 
common  use,  by  its  adding  to  the  stifihess  of  the  rail,  and  increasing 
its  capability  to  sustain  weight.  This  may  be  accounted  for  by  the 
improved  Chair  holding  the  rails  much  tighter  than  tjie  common 
Chair ;  the  side  pressure  of  the  abutment-pieces  having  the  effect 
of  tightening  the  rails  in  their  Chairs  in  proportion  to  the  pressure 
applied,  but  with  the  common  Chair  the  effect  of  the  pressure 
being  to  loosen  the  rails  in  the  Chairs. 

It  is  a  well-known  fact  with  respect  to  girders,  that  if  two  are 
made  precisely  alike  in  all  particulars,  and  fixed  in  a  building, 
the  one  with  its  ends  made  tight  in  the  walls,  while  the  ends  of 
the  other  are  left  loose,  merely  resting  on  the  wall,  then  if  the  latter 
one  is  weighted  till  it  breaks,  the  same  weights  may  be  placed  on 
the  former  one  with  impunity,  without  any  fracture  taking  place. 
From  a  similar  reason  the  new  Chairs  add  to  the  stiffness  of  the 
rails,  and  preserve  them  from  deflecting  laterally  and  vertically  to 
the  extent  they  do  in  the  common  Chairs.  The  object  of  the  next 
and  last  experiment  was  to  test  the  strength  of  the  Chair.  The 
rail  was  pat  in  an  intermediate  Chair,  and  the  pressure  applied,  as 
shown  in  the  sketch,  Fig.  1 1.  When  the  pressure  reached  60  tons, 
the  rail  broke  through  in  the  centre  of  the  Chair,  cracking  off 
simultaneously  the  ends  of  the  wedge,  but  without  any  other  injury 
to  the  Chair. 


Mr.  McCoNOCHiE  exhibited  to  the  meeting  specimens  of  the 
Improved  Chair,  and  the  Chair  that  was  tested  in  the  experiment  last 
described,  with  the  rail  in  it,  showing  the  fracture  that  took  place. 

Mr.  McCoKNELL  inquired  what  angle  had  been  adopted  for  the  in- 
clination of  the  wedge-piece  in  the  Chair  ? 

Mr.  McCoNOCHiE  replied,  that  from  their  experience  an  angle  of 
45°  was  considered  the  best,  to  distribute  the  strain  most  uniformly, 
vertically  and  horizontally ;    they  bad  tried  a  more  acute  angle  at  first, 
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and  tested  the  strength  of  the  chair  by  a  heavy  weight  falling  upon  it 
until  it  was  broken. 

The  Chairman  inquired  how  the  Chairs  had  been  found  to  stand 
where  they  had  been  laid  down  in  regular  use  ? 

Mr.  McCoNOCHiE  replied,  that  three  or  four  miles  of  one  line  were 
laid  with  these  Chairs  on  the  Liverpool,  Crosby,  and  Southport  Bail- 
way,  part  of  which  had  been  laid  five  months ;  a  few  hundred  yards  had 
also  been  laid  with  them,  for  about  three  months,  at  the  entrance  to  the 
Liverpool  Station  of  the  Lancashire  and  Yorkshire  Bailway,  where 
there  was  a  large  traffic  constantly  working  over  them  with  heftTv 
engines ;  the  road  was  found  to  keep  in  better  order  with  the  Improved 
Chairs  than  with  the  ordinary  ones,  and  was  smoother  to  run  upon,  asd 
nothing  had  been  done  to  the  Chairs  since  they  were  first  laid  dovo. 

The  Chairman  observed,  that  he  remembered  the  circnmstajicd 
alluded  to  in  the  paper  of  the  Chairs  tried  on  the  London  and  Bir- 
mingham Railway,  but  he  had  no  recollection  of  the  head  of  the  rail  being 
injured,  the  Chairs  had  the  effect  of  splitting  the  ends  of  the  rails;  liis 
impression  was,  that  the  rail  was  entirely  suspended,  not  resting  on  the 
bottom,  and  the  object  was  to  steady  the  rail  in  the  Chair.  The  frac- 
ture took  place  in  the  centre  of  the  web,  spreading  three  or  four  inches 
lengthways  into  the  end  of  the  rail ;  he  then  came  to  the  oondosioD 
that  the  best  support  for  any  girder  is  at  the  bottom  of  the  underside, 
where  the  strain  is  simply  compression  of  the  material. 

Mr.  McCoNOCHiE  said  he  had  tried  the  effect  of  reducing  the  thick- 
ness of  the  web  of  the  rail  at  the  ends,  by  planing  off  a  portian  on 
each  side  of  some  that  were  laid  down,  in  order  to  test  this  point  ex- 
perimentally, but  no  signs  of  splitting  were  yet  perceived  ;  thougli,  of 
course,  such  a  tendency  might  not  show  itself  for  a  considerable  time. 

Mr.  McCoNNELL  ^remarked,  that  the  rail  being  gripped  as  in  a 
vice,  by  resting  between  the  two  inclined  surfaces,  there  would  only  be 
compression  "upon  the  metal,  not  any  force  tending  to  draw  and  tear  it 
asunder  vertically. 

The  Chairman  doubted  whether  any  such  grip  of  the  Chair  could 
be  considered  practically  to  hold  the  rail  under  the  hammering  and 
clattering  action  of  heavy  engines  running  over  it  at  speed. 

Mr.  FoTHEHGiLL  obscrved,  that  with  the  sinking  of  the  sleeper  the 
key  would  throw  a  cross  strain  upon  the  end  of  the  rail,  tending  l»> 
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split  it,  from  the  length  of  leverage  given  bj  the  grip  of  the  Chair 
upon  the  key  and  rail. 

The  Chairman  remarked,  that  there  would  certainly  be  that  strain, 
though  it  might  be  a  question  whether  the  actual  amount  of  it  was 
sufficient  to  cause  an  injurious  effect.  A  long  time  was  required  before 
the  effect  on  the  rails  was  apparent  in  those  alluded  to  on  the  London 
and  Birmingham  Railway ;  it  was  perhaps  1^  years  before  it  became 
an  extensive  defect. 

Mr.  McCoKNELL  inquired  whether  the  Chairs  were  cast  chilled  ? 

Mr.  McCoNocHiE  replied,  they  were  sand  fastings;  they  were 
found  sufficiently  accurate  without  being  chilled. 

Mr.  E.  A.  CowPER  asked  whether  any  difficulty  was  found  in  getting 
a  fair  bearing  for  the  rail  on  each  side,  by  casting  the  Chairs  so  that  the 
two  jaws  should  be  an  equal  height  ? 

Mr.  McCoNOCHiE  answered,  that  it  was  found  quite  sufficient  to 
leave  the  casting  rather  proud  in  the  shoulder,  so  as  to  bear  first  in  the 
neck  of  the  rail,  that  the  pressure  might  not  come  too  much  on  the 
outer  edges  of  the  chair  and  wedge. 

Mr.  E.  A.  CowPER  thought  the  deflection  at  the  joint  would  cause 
a  tendency  to  split  the  rail  end,  and  that  fishing- pieces  would  be  better, 
as  they  would  throw  a  less  proportion  of  strain  upon  the  rail ;  a  combina- 
tion of  the  two,  namely,  fishing-pieces  at  the  joint,  with  these  Chairs 
as  intermediate  chairs,  would  make  a  nearly  perfect  road. 

The  Chairman  observed,  that  the  same  objection  of  the  strain  ap- 
plied also  to  the  fishing-pieces,  though  in  a  somewhat  less  degree. 
He  inquired  whether  the  weight  of  the  new  Chair  was  not  rather  more 
than  that  of  common  Chairs  ? 

Mr.  McCoNocHiE  replied,  that^theyl  were  about  the  same  weight ; 
the  new  Chairs  were  about  28  lbs.,  and  the  common  ones  25  lbs.,  on  the 
Liverpool,  Crosby,  and  Southport  Railway.  There  was  less  deflection 
than  with  the  ordinary  Chairs,  nor  was  there  any  injurious  strain  per- 
ceptible ;  no  failure  of  the  Chairs  had  occurred,  on  the  contrary,  the 
Engineer  of  the  Line  wanted  to  reduce  the  weight  of  the  Chairs  to  the 
^5  lbs.  in  future,  though  he  (Mr.  McConochie)  did  not  recommend  any 
dimbution  in  their  weight. 

The  Chairman  said  he  would  rather  advise  that  the  Chairs  should 
^  made  heavier,  than  any  reduction  in  the  weight ;  the  main  source  of 
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darabiiity  in  the  permanent  way  was  the  absolute  weight  of  material, 
and  he  thought  it  a  great  mistake  to  attempt  a  reduction  of  the 
weight. 

Mr.  McCoKOUBTE  observed,  that  he  had  been  struck  with  the  graat 
importance  of  steadiness  of  road  to  ensure  the  efficient  working  of 
locomotives ;  the  steadiest  engine  was  made  unsteady  by  an  imperfect 
road. 

Mr.  R.  Williams  said  he  had  seen  and  travelled  over  the  part  of 
the  Liverpool  and  Southport  Railway  where  these  Chairs  were  laid 
down,  and  there  was  a  remarkable  difference  in  the  steadiness  of  that 
part  of  the  road  in  comparison  with  the  opposite  line,  which  was  laid  on 
common  Chairs.  It  was  an  unfavourable  situation,  as  the  ballasting  of 
the  road  was  very  light  and  loose,  and  the  engines  used  were  of  the 
heaviest  class,  having,  he  believed,  13  tons  on  the  driving  wheels. 

Mr.  S.  Lloyd,  jun.,  remarked,  that  as  some  rails  on  the  Liverpool. 
Crosby,  and  Southport  Line  had  been  laid  down  with  these  Chairs  for 
five  or  six  months,  in  which  the  web  of  the  rail  was  only  ^  inch  thick, 
and  as  the  opening  pressure  of  the  Chairs  on  these  rails  had  not  been 
found  to  do  them  any  injury,  he  did  not  see  that  these  Chairs  could 
prove  at  all  injurious  where  the  common  sections  of  rail  were  used,  as 
in  these  the  thickness  of  the  web  varied  from  f  to  1  inch. 

Mr.  McCoNocHiE  stated  that  his  object  in  reducing  the  thickness  of 
the  web  in  the  rails  had  not  been  so  much  to  show  that  the  Improved 
Chair  would  answer  with  a  lighter  section  of  rail,  as  to  construct  a  nil 
which,  while  no  heavier  than  the  ordinary  rails,  had  a  greater  amount 
of  available  wearing  surface.  The  metal  taken  out  of  the  web,  be 
transferred  to  the  heads  of  the  rail. 

Mr.  McCoNNELL  thought  that  Mr.  McConochie  was  quite  right  in 
this,  it  being  of  the  first  importance  to  obtain  the  greatest  amount  of 
wear  out  of  a  given  amount  of  matej*ial ;  a  point  requiring  muchiitten- 
tion  in  railways.  The  Improved  Riiilway  Chair  appeared  plainly  a  step 
in  this  direction. 

The  Chairman  said  they  would  be  very  glad  to  have  a  report  at  a 
future  time  on  the  further  results  of  experience  in  working  the 
Improved  Chair ;  and  proposed  a  vote  of  thanks  to  Mr.  McConochie  (or 
his  Paper,  which  was  passed. 
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The  following  Paper,  by  Mr.  J.  D.  Morries  Stirling,  was  then 
read : — 

ON  IRON.  AND  SOME  IMPROVEMENTS  IN  ITS 
MANUFACTURE. 

The  following  remarks  will  but  slightly  touch  on  the  ores, 
*  chemical  composition,  and  general  manufacture  of  Iron  ;  these 
subjects  being  greatly  too  important  to  be  treated  of  in  a  communi- 
cation like  the  present,  and  requiring  much  more  research  and  time 
than  the  writer  can  at  present  devote,  even  did  he  feel  himself 
qualified  to  undertake  the  task. 

It  is  most  desirable  that  these  subjects  should  be  thoroughly 
studied,  as  we  are  ceitainly  more  ignorant  of  the  nature  and 
qualities  of  iron,  and  of  the  differences  produced  by  slight  modifi- 
cations in  the  mode  of  manufacture,  by  varieties  of  fuel,  ores, 
fluxes,  &c.,  than  we  are  of  the  nature  of  any  other  article  of  manufac- 
ture, and  it  is  to  be  regretted  that  in  a  district  like  this,  where  iron 
manufacture  is  all-important,  so  little  has  as  yet  been  done  to  elucidate 
the  theory  and  to  improve  (on  scientific  and  unerring  grounds)  the 
general  make  of  iron,  which  the  writer  believes  is  only  to  be  ac- 
complished by  our  becoming  thoroughly  acquainted,  as  well  with 
the  chemical  constituents  of  the  various  ores,  fluxes,  (Skc,  as  with 
the  changes  which  these  undergo  in  the  various  processes  of 
calcining,  smelting,  refining  and  puddling.  To  do  this  is  probably 
not  in  the  power  of  those  actively  engaged  in  the  making  of  iron, 
as  their  other  pursuits  would  materially  interfere  with  the  carrying 
out  the  necessarily  long  series  of  experiments  which  would  be 
requisite  ;  and,  even  could  such  time  be  devoted  to  the  pursuit, 
then  we  should  only  have,  in  all  probability,  the  results  of  trials 
made  in  one  district. 

There  is  no  doubt  that  many  most  valuable  improvements  have 
been  introduced  (more  especially  of  late  ye:  rs)  by  ironmasters  and 
others  connected  with  the  iron  trade,  but  these  have  chiefly  had 
reference  to  the  later  stages  and  finishing  processes  in  iron  making, 
and  to  the  machinery  connected  with  these  processes.  Of  the 
chemistry  of  the  blast-furnace,  of  the  changes  produced  by  the 
process   of   refining,    and    in    puddling,    we    are    still    ignorant. 
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Having  deroied  a  good  deal  of  time  to  this  subject,  the  writer  mftj 
be  al^.owed  to  saj.  that  the  more  he  has  studied  it,  and  the  more  be 
has  seen  of  iron  making,  the  more  conyineed  he  is  of  oar  ignonmce. 
and  it  is  to  be  hoped  that  some  steps  will  be  taken  to  improTe  our 
knowledge  and  render  the  Tarions  processes  certain  and  ecoDo- 
mical. 

The  improTements  in  iron-mana£GU!tmie  which  are  touched  on  in 
the  f.ll.'WiDg  remarks,  are  not  of  the  nature  of  those  alluded  to 
above  :  thev  are  of  an  inferior  class,  and  should  properly  be  calltti 
improvements  in  iron,  or  in  the  manufacture  of  certain  kinds  of 
iron  for  certain  purposes. 

It  will  be  unnecessarr  to  enter  minutelv  into  the  varioos  pro- 
cesses for  converting  the  iron  ore  into  cast  and  malleable  iron.  t>r 
to  de>crib<e  at  length  tlie  various  materials  used. 

The  chief  varieties  of  iron  ore  which  are  used  in  this  couDtn 
are  the  CUv-band,  the  Black-band,  and  die  Hematite.  From  ilie 
Hematite  the  purest  pig-iron  and  strongest  bar-iron  are  said  to  be 
made  :  anl  from  Cliiv-ltand  a  stronger  malleable  iron  is  geneniHy 
supposed  to  l*e  obtained  than  from  -the  Black-band,  hot  the 
Tuious  qualities  can  be  altered  bv  the  judicious  ironmaster,  acd 
malleable  iron  of  as  good  quality  can  be  produced  from  Black-band 
as  frv»m  the  Hematite  or  Clay -band.  The  writer  does  not  here 
allude  to  improvement  of  quality  by  mi:dng  different  ores  <by  which 
it  is  well  known  the  bad  qualities  of  some  descriptions  are  entirelj 
removed  i,  but  to  the  skiliul  treatment  of  one  or  more  ores  of  i 
somewhat  similar  character. 

The  lirst  stage  in  the  manufacture  of  iron  is  the  conversion  of 
the  ore  into  cast-iron,  which  is  accomplished  In  various  ways.  1b 
Grvat  Britain,  tlie  ore,  after  being  calcined,  if  necessazy,  is  intro- 
duced with  layer?  of  coal  or  coke,  and  a  flux  (usually  a  carbonate  oi 
limet.  into  a  l:\rge  furnace,  and  a  strong  blast  i  either  hot  or  coId<  is 
urged  tliroudi  tlie  prenously  kindled  mass,  to  accelerate  the  eom- 
bustion  of  tl.e  fuel,  aud  the  conversion  and  fusion  of  the  metil 
which  is  usually  tapped  from  the  furnace  once  in  the  twelve  hours 
and  run  into  pigs  or  ingots,  which  go  by  the  name  of  '*  hot  or  wW- 
blast  iron/*  according  to  the  nature  of  the  blast  employed.    The 
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sabdiyisions  of  both  these  sorts  of  iron  are  the  same*  viz.,  Nos.  1, 
2,  and  3»  when  for  foundry  purposes,  and  forge  or  white  iron  when 
intended  for  being  converted  into  malleable  iron  ;  these  numbers 
and  qualities  of  iron  are  supposed  to  differ  from  each  other  in  the 
quantity  of  carbon  contained  in  each,  although  this  is  doubted  bj 
many  eminent  chemists.  No.  1  is  certainly  daiker,  softer,  and  more 
carbonaceous-looking  than  the  other  numbers,  and  forge  or  white 
iron  appears  to  contain  very  much  less  carbon  than  any  iron  in- 
tended for  foundry  purposes  :  but,  as  we  see  a  similar  effect  pro- 
duced on  foundry  iron  by  rapid  chilling  to  that  produced  in  forge 
iron  by  the  supposed  abstraction  of  carbon,  it  will  perhaps  be  more 
readily  admitted  that  colour  is  not  a  test  (or  at  least  not  a  certain 
one)  of  the  quantity  of  carbon  which  iron  contains. 

It  may  be  here  remarked,  that  the  Nos.  1,  2,  3,  give  no  real  idea 
of  the  nature  of  the  iron ;  they  are  relatively  comparative,  and  only 
indicate  the  differences  between  cast-iron  of  the  same  district  and  make ; 
thus,  what  is  called  No.  I  in  Wales,  resembles  hard  No.  S  in  Scot- 
land, and  corresponds  to  Staffoidshire  No.  2  (average) ;  Welsh  No. 
2  is  fully  as  hard  as  Staffordshire  No.  3,  or  Scotch  No.  4,  (a  brand), 
intermediate  between  No^  3  and  forge  iron.  As  a  general  rule, 
Nos.  I  and  2  are  adapted  for  small  castings,  Nos.  2  and  3  mixed, 
for  medium  castings,  and  No.  3,  or  3  and  4  in  Scotland,  or  3  in 
England,  for  heavy  castings  ;  but  tha  mixtures  of  Welsh  and  Scotch, 
or  of  Staffordshire,  Welsh,  and  Scotch,  are  found  to  make  stronger 
and  better  castings  than  those  made  from  one  sort  of  iron. 

This  mode  of  producing  strong  castings  has  been  long  practised, 
and  is  in  many  places  convenient ;  and  tlie  increase  of  strength  is 
no  doubt  satisfactory,  but  there  is  still  a  want  of  uniformity  in 
result,  and  an  occasional  difficulty  in  keeping  to  the  proportions, 
and  even  in  obtaining  the  brands  specified  by  the  engineer  or 
architect,  or  chosen  by  the  founder  on  his  own  experience. 

It  seemed  to  the  writer  veiy  desirable  therefore  to  obtain,  if 
possible,  a  kind  of  iron  which  should  be  either  imiform  and  con- 
stant in  its  strength,  or,  at  least,  not  under  a  certain  standard,  and, 
after  numerous  experiments  and  trialS;  he  attained  this  object  by 
making  certain  mixtures  of  cast  and  wrought  iron,  which  have  been 
called  "  Toughened  Cast-iron." 
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Allusion  has  already  been  made  to  the  different  numbers  of 
cast.iron,  and  to  their  qualities  ;  and  it  ought  further  to  be  stated, 
that  No.  1  is  considered  the  weakest,  and  No.  3  the  strongest  To 
render  these  uniform  in  strength,  and  at  the  same  time  to  equalise 
that  of  cast-iron  from  different  districts,  it  is  only  necessary  to  taiy 
tlie  quantity  of  wrought-iron  introduced,  by  which  means  all  other 
mixture  is  avoided,  and  so  much  greater  strength  insured,  as  to 
allow  a  margin  for  considerable  variation  in  strength,  ^m  any 
accidental  defect,  as  well  as  for  a  diminution  in  weight,  taking  the 
averages  of  the  toughened  castriron  and  of  the  best  mixtures. 
Transverse  strength  of  bars,  1  inch  square,  ifeet  6  inehss  between 
supports.* 

Cast-iron,  average  breaking  weight 

Toughened  cast-iron,     ditto  

Tensile  strength.* 

Cast-iron,  average  breaking  weight      

Toughened  cast-iron,     ditto  

Crushing  strength. 

Cast-iron,  average  crushing  weight 

Toughened  cast-iron,       ditto  

To  render  the  above  more  intelligible,  the  proportions  are  given 
below,  which  have  been  found  to  bring  very  soft  Scotch  (No.  I 
hot-blast),  and  very  hard  Welsh  (No.  2  cold-blast),  to  nearly  the 
same  strength. 

Scotch,  No.  1  hot-blast,  breaking  when  unmixed  at      430  lbs. 
With  a  mixture  of  33  per  cent,  of  wrought-iron  scrap, 

broke  at        713  lbs. 

The  same  Scotch  iron  as  the  first,  with  only  $20  per 

cent,  of  malleable  scrap,  broke  at  about 620  lbs. 

Showing  a  deficiency  in  the  quantity  of  the  scrap. 
Welsh,  No.  2  cold-blast,  breaking  when  unmixed  at      440  lbs. 
With  a  mixture  of  10  per  cent,  of  wrought-iron  scrap, 

broke  at        689  lbs. 


*  The  averagei  of  the  transrerse  and  tensile  strengtha  aro  from  the  expcn- 
mento  of  Mr.  Hodgkinaon,  in  the  Govenunent  Report  and  elsewhere,  and  other 
experimenters  ;  Mr.  Hodgkinson  is  the  sole  authority  for  the  resistance  of  cruahisg 
force. 


.     436  lbs. 

.     733   „ 

7036  tons. 

11-790    „ 

38-582  tons. 

69-622    ,. 
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The  results  obtained  by  Mr.  Hodgkinson  are  very  favourable, 
as  shown  in  the  following  table,  where  the  breaking  weights  of 
common  cast-iron  and  toughened  cast-iron  are  given,  from  the 
Report  of  the  Commissioners  appointed  to  inquire  into  the  strength 
of  iron. 

Table  of  Comparative  Strength  of  Cast  Iron. 


Description  of  Iron  Bars,  all  two  inches 
square. 

Transverse 

Breaking  Load, 

in  Centre. 

Tensile 
Breaking 
Strength. 

Crushing 
Strength. 

Toughened  Cast  Iron,  with  20  per  \ 
cent,  wrought  scrap    . .      . .  J 

lbs. 
2174 

Tons  per  inch. 

11-50 

Tons  per  inch. 

54-64 

liow  Moor,  No.  1      

Blaenavon,  No.  2      

Warrington  hest  Gun  Mixture 

1207 
1220 
1876 

6-67 
7-46 

2700 
(4911 
130-50 

Comparative  trials  on  a  larger  scale,  made  by  Mr.  Owen  (by 
command  of  the  Admiralty),  give  equally  satisfactory  results,  as  the 
drawings,  Figs.  1,  2,  3,  4,  Plate  4,  show  (Compare  J  with  3,  and 
2  with  4).     Tensile  strength,  according  to  Mr.  Owen,  12'50  tons. 

Since  these  experiments  and  trials  were  made,  the  toughened  cast- 
iron  has  been  successfully  used  in  the  construction  of  several  public 
works,  Windsor  Bridges,  Chelsea  Bridge,  Yarmouth  Bridge,  &c.,  &c. ; 
and  it  may  be  mentioned  that  by  being  allowed  to  reduce  the  scant- 
ling in  proportion  to  the  increased  strength  gained  by  employing 
the  toughened  cast-iron,  the  ^contractors  for  the  heavy  castings  of 
the  Manchester  Viaduct  were  enabled  profitably  to  fvJfil  their  con- 
tract, whereas  had  they  used  common  iron,  and  been  confined  to 
the  specification,  they  would  have  been  heavy  losers. 

For  shafting,  rolls,  pinions,  cog-wheels,  cast-iron  railway-carriage 
wheels,  cylinders,  and  other  castings  where  strength  and  closeness 
of  texture  are  desirable,  the  toughened  cast-iron  will  be  found  most 
usefiil ;  also,  cast-iron  which  will  not  chill  in  its  immixed  state, 
readily  chills  with  less  loss  of  strength  than  usual,  when  mixed  in 
proper  proportions  with  malleable  iron. 

To  ensure  that  the  proper  proportion  of  malleable  iron  is  con- 
tained in  each  pig,  and  also  to  render  the  mixture  more  easily  con- 
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vejed  from  place  to  place,  the  writer  prefers  making  the  mixture  at 
the  blast-furnace,  and  this  is  done  by  distributing  the  proper  wei^i 
of  malleable  scrap  in  the  moulds  into  which  the  melted  iron  is  to 
be  run.  It  is  thus  firmly  fixed,  and  melts  more  easily  and  regularly 
with  the  cast-iron  in  the  cupola  or  other  furnace ;  the  cast  and 
wrought  iron  heating  gradually  to  the  melting  point  of  the  former, 
when  the  wrought-iron  is  easily  acted  upon,  and  fioxed  by  the  cast- 
iron. 


The  process  of  converting  cast  into  malleable  iron  is  much 
more  varied  than  that  of  converting  the  ore  into  cast-iron.  In  some 
districts  a  great  portion  of  the  cast-iron  is  refined  previous  to  its 
conversion  ;  in  others  little  refined  iron  is  used,  and  in  some  works 
cast-iron  is  at  once  converted  into  malleable  iron ;  and  this  latter 
process  seems  to  be  gaining  ground. 

Befining  is  perhaps  the  least  understood,  and  the  least  capable 
of  beiug  explained,  of  any  process  connected  with  iron-manu&cturp. 
The  iron  is  kept  in  a  fluid  state  in  contact  with  carbonaceous  matr 
ter  exposed  to  a  blast,  and  although  it  would  seem  that  by  such 
means  more  carbon  ought  to  be  combined  with  the  iron,  experience 
shows  that  a  great  change  is  produced  in  the  nature  of  the  metal, 
and  that,  as  far  as  we  know,  the  quantity  of  carbon  is  cUmmished,  and 
the  iron  rendered  more  nearly  akin  to  malleable  iron,  or  at  least  so 
altered  as  to  be  more  quickly  converted  into  it. 

Eefining  is  an  expensive  process,  great  waste  of  material 
being  unavoidable,  but  it  is  still  necessary  for  certain  descriptions 
of  iron,  and  the  expense  is  partly  compensated  by  the  greater 
quickness  with  which  the  conversion  takes  place  in  the  puddling 
furnace. 

Puddling  is  the  last  and  most  important  process  in  the  conver 
sion  of  cast  into  malleable  iron.  It  is  still  an  extremely  rude  one, 
and  its  theory  is  not  understood  ;  it  consists  in  melting  in  a  pecu- 
liarly-constructed air  furnace,  refined  or  cast  iron,  or  a  mixture  of 
them,  and  as  soon  as  the  fiision  is  complete,  in  continually  stirring 
the  melted  metal  till  spicular  or  granular  particles  show  themselves. 
Previous  to  this  the  melted  metal  swells  up,  and  what  is  technically 
called  boils ;  gas  is  evolved,  and  this  appears  to  be  the  period  at 
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which  conversion  commences:  the  solid  particles  increase  in 
quantity,  and  the  whole  mass  acquires  a  semi  solidity  ;  the  work- 
man keeps  collecting  the  more  solid  portions  and  forming  them 
into  halls,  which  hecome  larger  and  larger,  until  the  whole  of  the 
malleable  iron  is  collected,  and  nothing  remains  but  what  is  called 
cinder,  in  a  perfectly  fluid  state,  which  is  afterwards  removed  from 
the  furnace  by  tapping,  and  again  used  in  certain  proportions  along 
with  ore  in  reproducing  cast-iron.  On  the  removal  of  this  cinder 
from  the  iron,  by  puddling,  squeezing,  and  rolling,  the  quality  of 
the  resulting  wrought-iron  very  much  depends. 

To  avoid  the  process  of  refining,  to  shorten  the  process  of 
puddling,  and  to  improve  the  quality  of  the  resulting  wroughtiron, 
are  undoubtedly  most  desirable.  The  writer  has  endeavoured  to 
accomplish  this,  and  has  reason  to  believe  that  partial  success  has 
attended  his  efforts.  Instead  of  using  refined  iron,  a  mixture  of 
wrought  and  cas^iron  (as  already  described)  is  taken,  and  after 
being  melted  and  run  into  pigs  or  slabs  of  the  requisite  size,  it  is 
puddled  in  the  usual  way,  and  the  process  of  puddling  is  found  to 
be  thus  so  shortened,  as  to  allow  of  from  one  to  two  heats  more 
being  brought  out  in  the  course  of  the  twelve  hours ;  the  yield  is 
greater,  and  the  quality  of  the  iron  is  much  improved  as  regards 
fibrousness  and  tensile  strength,  rendering  such  iron  particularly 
well  adapted  for  cable  iron,  tension  bars,  shaftings,  axles,  &c.,  but 
not  for  the  wearing  surfaces  of  rails,  nor  for  the  tires  of  wheels. 


Before  proceeding  to  touch  on  certain  other  processes  which 
the  writer  believes  to  improve  iron  for  special  purposes,  it  may  be 
well  to  point  to  some  alloys  of  cast-iron,  as  the  making  these  led 
him  to  make  the  addition  of  the  same  and  other  metals  to  wrought- 
iron. 

The  firat  is  an  alloy  of  iron  and  tin,  which  is  extremely  hard, 
sonorous,  and  capable  of  receiving  a  very  high  polish  ;  the  addition 
of  manganese,  and  a  very  small  per-centage  of  zinc,  gives  somewhat 
greater  tenacity.  Bells  made  of  these  alloys  have  a  pure  and  clear 
tone.     Cast-iron  will  take  up  from  20  to  25  per  cent,  of  tin. 

Cast-iron  alloyed  with  zinc  becomes  closer  in  its  texture,  and,  as 
far  as  the  writer's  experiments  have  yet  gone,  stronger,  and  not  less 


Digitized  by  VjOOQ IC 


26  IMPROVEMENTS    IN   IRON. 

malleable.  Alloys  of  bismuth,  antimony,  copper,  and  silTer,  possess 
some  scientific  interest,  but  it  would  be  out  of  place  to  touch  on 
them  now. 

Having  observed  the  hardening  effect  which  tin  produces  upon 
cast-iron,  the  writer  tried  a  similar  mixture  in  the  puddliug  furnace, 
and  found  a  corresponding  result,  with  this  essential  diflFerence,— 
that  whereas  cast-iron  will  take  up  about  a  fifth  of  its  weight 
wrought-iron  is  rendered  too  hard  for  subsequent  working  bjany 
quantity  exceeding  one  per  cent.;  and  taking  the  various  descrip- 
tions of  iron  (Staffordshire,  Scotch,  and  Welsh),  one-half  per  cent 
of  tin  produces  a  description  of  iron  crystalline,  close  in  texture, 
and  harder  than  common  wi*ought-iron. 

This  quality  of  iron  appeared  to  be  suitable  for  the  wearing  sur- 
faces of  rails,  and  tires  of  wheels,  and  subsequent  trials  which  have 
been  made  have  fully  confinned  this  opinion.  Lamination  is  pre- 
vented, and  the  rail,  when  properly  made,  wears  smoothly  and 
evenly.  As  in  all  iron,  and  particularly  in  rails,  much  depends  on 
manufacture  ;  but  points  and  crossings  made  of  this  hardened  iron, 
and  rails  upon  sharp  inclines,  where  the  wear  previously  had  been 
very  rapid,  have  been  found  to  last  more  than  double  the  time  of 
any  rails  previously  tried,  and  as  they  are  yet  not  worn  out,  it  is  at 
present  impossible  to  say  how  much  longer  they  will  last  The 
writer  does  not  believe  their  increased  duration  to  arise  solely  finom 
the  greater  hardness,  but  more  from  the  peculiar  crystalline  texture 
and  fine  grain  of  the  iron  resisting  the  laminaition,  which  great 
speeds  and  heavy  engines  so  rapidly  produce.  The  sections  of  the 
rails  in  Figs.  15,  16,  17,  Plate  3,  show  the  proportion  which  it  is  con- 
sidered best  that  the  crystalline  should  bear  to  the  fibrous  iron:  or 
to  whatever  other  iron  the  rail  may  be  composed  of. 

The  addition  of  zinc,  its  oxides  and  other  ores,  produce  the 
very  opposite  effect  to  tin,  and  the  other  metals  above  named. 
Iron  of  what  is  called  cold-short  quality,  is  rendered  by  this  means, 
fibrous  tough  and  strong ;  red-sliort  iron  is  also  improved  in  quality 
by  the  same  means,  but  it  is  found  that  a  larger  addition  of  zinc  or 
its  ores  or  oxides  is  required  to  effect  an  improvemenf  in  red-short, 
than  in  cold-short  iron.     The  quantity  necessary  to.  improve  cold* 
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short  iron  varies  much  in  different  districts,  and  each  peculiar  iron 
requires  to  be  separately  considered ;  it  is  also  necessary  to  know 
the  per-centage  of  zinc  in  the  ore,  if  ore  be  employed,  and  to  ascer- 
tain that  such  ore  does  not  contain  foreign  matters,  which  might 
counteract  the  effect  of  the  zinc.  The  addition  of  these  metals  to 
the  iron  is  best  made  when  the  iron  in  the  puddling  furnace  is 
beginning  to  boil. 

The  writer  was  much  gratified  to  observe  in  the  American 
Department  of  the  Great  Exhibition,  a  confirmation  of  his  experi- 
ments on  this  subject.  Iron,  naturally  cold-short  and  red-short, 
being  rendered  free  from  each  of  these  qualities  by  the  addition  of 
an  ore  of  zinc ;  samples  in  all  stages  of  progress  were  exhibited. 


Table  of  Comparative  Strength  of  Wrought  Iron. 


Descriptioiioflron. 

Tensile 

Breaking 

Strain. 

Deflection 

with  Strain 

of 

9|  cwt. 

Permanent 

Set 

in  lengths  of 
2J  feet. 

Final 

Stretch 

in  length  of 

2  feet. 

Hardened   Wrought   Iron,  > 
with  f-rds  per  cent.  Tin.    ) 

Toughened  Wrought  Iron     . . 

Tons  per  In. 

2292 

27-81 

Inches. 
1-42 

Inches. 

1-02 

Inches. 

i 

Dundyvan  Best  Bar 

S.  C.  Crown  average  result    . . 

Hartley's  general  average  of? 
Bar  Iron       J 

24-33 
24-47 

23-33 

2-02 

1-60 

3* 

Had  the  limits  of  a  mere  sketch  like  this  permitted,  the  writer 
would  have  entered  on  the  consideration  of  the  relative  qualities  of 
cold  and  hot  blast  iron,  and  of  the  effects  produced  by  the  use  of 
cinder ;  also,  on  some  combinations  of  iron  with  the  earthy  bases, 
and  on  the  effects  of  various  salts  and  fluxes  in  the  blast  and  other 
furnaces.  Several  other  alloys  of  iron  possess  considerable  interest, 
and  in  conclusion,  allusion  may  be  made  to  a  remarkable  property 
which  iron  possesses  of  closing  the  grain  of  other  metals  and  alloys 
to 'which  it  is  added  in  minute  quantity. 
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Mr.  SnRLTNa  exhibited  a  Dumbor  of  specimens  of  the  toagfaened 
wroaght-iron  in  bars,  and  the  hardened  wrought-iron,  as  applied  to  th« 
surface  of  rails,  showing  their  fractures,  and  specimens  of  the  tongbened 
cast-iron,  showing  the  mode  of  mixing  the  wrought-iron  scrap  with  the 
pig-metal;  also  specimens  of  an  alloy  of  zinc  copper  and  tin,  and 
another  of  the  same  composition,  with  an  addition  of  1|  percent  of 
iron,  showing  the  great  closeness  and  fineness  of  grain  that  wers  pro- 
duced by  this  small  admixture  of  iron.  It  was  expbiined  that  it  m 
advisable  to  alloy  the  iron  with  the  zinc  before  mixing  with  the  copper, 
otherwise  there  would  be  imperfection  and  unsoundness  in  the  metal 
the  iron  appearing  in  the  form  of  what  are  technically  called  "  teaia." 

The  Chaibman  said  he  considered  it  a  yery  important  subject,  and 
thought  the  paper  showed  valuable  results  of  extensive  practical  trials 
combined  with  scientific  inquiry.  He  asked  at  what  period  the  tin  or 
zinc  was  added  to  the  wrought  iron  ? 

Mr.  Stirling  replied,  that  it  was  put  into  the  puddling  furnace  wbec 
the  extreme  of  the  boiling  was  just  passed,  or  passing,  and  conversion 
just  commencing,  and  the  formation  of  spicula  beginning.  A  more  fluid 
iron  required  the  metal  to  be  put  in  at  a  later  period,  and  iron  that  came 
to  nature  sooner  required  the  metal  put  in  earlier.  It  was  difficolt  to 
give  a  definite  rule,  it  could  only  be  judged  of  by  particular  experience. 

Mr.  DuoLos  thought  the  presence  of  zinc  in  the  iron  was  doubtful ; 
from  its  volatility,  the  greater  proportion  would  probably  be  dissipated 
in  the  furnace.  He  considered  it  more  probable  that  the  change  in  the 
iron  was  caused  by  the  physical  quality  of  the  iron  undergoing  some 
alteration  in  consequence  of  the  presence  of  the  zinc. 

Mr.  Stirling  said  he  did  not  consider  the  mixture  of  zinc  with  the 
iron  to  be  in  all  cases  an  alloy,  as  the  proportion  was  occasionally  only 
I'th  per  cent.,  and  he  felt  uncertain  about  its  mode  of  action ;  the 
quantity  of  zinc  required  varied  very  much,  it  had  to  be  determined  by 
experiment  with  the  different  ores  and  furnaces. 

Mr.  DucLOS  observed,  that  in  some  iron  works  he  had  been  ac- 
quainted with  in  Belgium,  he  had  never  found  any  trace  of  zinc  in  the 
iron  made  from  ore  containing  zinc,  but  metallic  zinc  was  found  to 
accumulate  in  the  top  of  the  furnace.  Many  years  since  a  series  of 
experiments  had  been  made  by  M.  Carsen,  on  various  mixtures  of  in>n 
with  zinc  and  other  metals,  but  they  had  not  led  to  any  practical  ^li- 
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cation.  There  was  no  question  that  sufficient  attention  had  not  been 
paid  to  the  properties  of  the  alloys  that  can  be  made  with  iron,  and  he 
was  glad  to  see  the  steps  taken  by  Mr.  Stirling ;  he  did  not  quite  agree  as 
to  the  want  of  knowledge  of  the  iron  manufacture,  he  thought  there 
was  a  great  deal  of  knowledge  on  the  subject,  but  be  would  wish  the 
principles  carried  out  further. 

Mr.  STfRLiNG  remarked,  that  in  the  case  mentioned,  in  Belgium, 
two  processes,  smelting  and  refining,  intervened,  by  which  most  if  not 
all  the  zinc  might  be  volatilized.  There  was  no  doubt  that  the  practi- 
cal making  of  iron  was  well  understood,  but  not  the  theory  and  prin- 
ciples, otherwise  the  processes  might  be  further  simplified,  and,  as  the 
result,  iron  would  most  probably  be  produced  complete  at  one  process, 
instead  of  two  or  more.  He  thought  that  further  improvements  would 
be  more  studied  and  accomplished  when  iron  and  coa)  were  dearer 

Mr.  MoOoMNELL  said  there  was  great  room  for  improvement  in  rail- 
way tires  and  rails.  If  the  tire  now  lasted  70.000  miles  on  the  driving 
wheel  of  an  engine,  it  was  considered  very  good  work.  The  expense  of 
replacing  tires,  and  of  failure,  was  a  very  serious  item;  and  if,  by  Mr. 
Stirling's  process,  the  iron  could  be  made  to  last  longer,  it  would  be  a 
great  source  of  economy  and  convenience. 

Mr.  Beaslet  inquired  why  the  wrough^iron  scrap  was  put  into 
the  pig  mould,  in  making  the  toughenud  cast-iron  ? 

Mr.  Stirling  replied,  that  one  object  was  to  ensure  a  definite  pro. 
portion  for  each  charge  :  also,  the  wrought-iron  melted  more  easily  in 
the  furnace,  when  mixed  in  that  manner  with  the  cast-iron,  which 
seemed  to  act  as  a  flux,  the  whole  getting  heated  together ;  the  cast- 
iron  dropping,  eats  away  the  wrought-iron.  If  thrown  separately  into 
the  cupola,  part  of  the  cast-iron  would  melt  down  first,  and  the  two 
would  not  get  uniformly  mixed ;  the  wrought-iron  was  liable  to  get 
oxidised,  and  wasted. 

Mr  Beasley  observed,  that  he  was  aware  if  the  wrought-iron  was 
thrown  into  the  puddling  furnace  with  the  pig,  it  would  bum  away 
and  not  improve  the  quality ;  but  if  it  was  thrown  into  the  fire  a 
little  time  before  the  puddler  commenced  balling  his  iron,  it  would 
very  much  improve  the  quality. 

Mr.  Stirijno  said  that  it  was  an  old  practice  to  add  wrought-iron 
in  the  puddling  furnace,  in  order  to  get  a  quicker  yield ;   but  it  would 
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not  melt  thoroughly  in  that  case,  and  make  a  nnifonn  mhtaie  It 
ahoald  be  first  re-melted  in  the  cnpola  from  the  mixed  pig,  to  make  t 
uniform  mixtare,  and  then  re-melted,  and  worked  in  a  puddling  famace. 

Mr.  Beaslet  remarked,  that  he  had  melted  wrought-iion  in  the 
cupola,  and  then  woxked  it  in  the  puddling  furnace,  and  he  had  found 
the  result  to  be  bett^  than  from  the  ordinary  pig-iron  alone,  IniI  it 
was  not  a  sufficient  advantage  to  make  it  worth  the  extra  espeose ;  he 
had  obtained  a  greater  yield. 

Mr.  Stirlino  obsenred  there  was  a  process  for  melting  wrongbt-iron, 
which  was  then  conrerted  back  by  decarbonising,  to  a  state  approaching 
to  steel ;  it  was  intended  to  be  used  for  small  articles,  such  as  snuffers* 
scissors,  Ac,  instead  of  forging  them. 

Mr.  Adams  inquired  about  the  application  of  the  hardened  iron  to 
tires ;  the  best  scrap  tires  were  found  the  worst  to  wear ;  they  laminated 
more,  and  consequently  he  did  not  use  them.  Those  he  used  were  made 
he  believed  of  two  blooms,  the  lower  one  of  scrap  or  other  tough  iron. 
and  the  upper  one  irom  a  puddled  bail  not  piled ;  the  wearing  smface 
was  consequently  crystalline  iron,  hard,  not  laminated,  and  was  more 
suitable  to  resist  the  rolling  and  crushing  action  that  the  wearing  euAe^ 
of  the  tire  was  subjected  to. 

Mr.  SiTRiin^o  replied,  that  he  had  seen  a  similar  process  eztensiTelT 
carried  on  ;  the  lower  part  of  the  tire  was  made  of  No.  3  iron,  and  the 
wearing  surface  of  No.  2  iron,  consisting  of  two  puddled  balls  hammered 
thoroughly,  then  re-heated  and  passed  through  rolls,  and  lastly  welded 
to  the  No.  3  iron  for  the  lower  part.  For  such  purposes  as  the  wearing 
surfaces  of  wheel  tires  and  rails,  scrap  iron  was  certainly  the  worst,  from 
the  inequality  of  the  pieces  united  by  weldings,  necessarily  numerous  and 
irregular ;  when  the  wearing  and  rolling  action  came  into  effect,  unequal 
wear  and  lamination  of  the  surface  must  be  the  result. 

Mr.  T.  Faibbaibm  said  the  results  of  the  trials  he  had  made  of  the 
toughened  cast-iron  were  a  near  approximation  to  Mr.  Hodgkinsoos 
experiments  ;  but  he  did  not  think  it  would  be  prudent,  or  altogether 
safe  for  an  architect  or  engineer  to  reduce  the  section  of  a  girder  to  the 
extent  which  the  relative  transverse  strength  given  in  the  tables  would 
appear  to  warrant ;  he  would  rather  retain  the  large  section,  and  arail 
himself  of  the  additional  security  which  the  use  of  the  toughened  inm 
undoubtedly  gave. 
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Mr.  Stirling  obBerved,  that  to  obtain  the  full  increase  of  strength 
would  require  dififerent  trials  with  different  iron,  in  order  to  ascertain 
the  best  proportion  of  scrap ;  but  in  the  right  proportions  from  the 
general  results  ot  observations,  he  believed  it  might  be  confidently 
stated,  that  one  fifth  of  the  weight  might  be  taken  from  ordinary  sec- 
tions of  girders,  by  using  the  toughened  cast-iron,  leaving  a  greater 
strength  of  girder;  however,  he  would  much  prefer  seeing  all  the 
strength  of  the  ordinary  section  left  for  extra  safety.  The  strengths 
given  in  the  tables  in  the  paper  were  chiefly  taken  from  Mr.  Hodgkin- 
8on,  and  were  the  average  results  of  his  experiments,  showing  an  in- 
crease of  transverse  strength  of  78  per  cent. 

Mr.  R.  Williams  asked  whether  in  practice  any  difficulty  was  found 
to  arise  in  uniting  the  two  qualities  of  hard  and  soft  wrough^iron  ? 

Mr.  Stibliko  replied,  that  no  difficulty  was  found  in  the  manufac- 
ture, and  they  were  found  to  be  soundly  welded  together. 

Mr.  R.  Williams  observed,  that  as  the  hard  iron,  which  melted  at 
a  lower  temperature  than  the  soft  iron,  was  necessarily  the  topmost  in 
the  pile  when  placed  in  the  furnace  to  be  welded,  either  that  would  be 
over-heated  at  the  expense  of  its  quality,  or  the  inner  piles  would  be 
under-heated,  and  endanger  the  soundness  of  the  bloom.  With  regard 
to  the  lamination  of  tires,  this  was  not  so  much  owing  to  the  fact  of 
their  being  made  of  piled  iron,  as  to  the  mode  of  piling ;  and  by  piling 
the  bars  edgeways  instead  of  flatways,  there  was  little,  if  any,  liability 
to  laminate.  Puddled  iron  could  be  made  hard  or  soft,  at  pleasure, 
according  to  the  management  of  the  process,  without  the  introduction  of 
any  alloy  into  the  puddling  furnace. 

Me.  Stielino  replied,  that  the  hard  iron  came  quite  as  soon  to  a 
welding  heat  as  the  other  iron,  and  a  most  perfect  weld  resulted. 

Mr.  McConnell  remarked,  that  in  the  manufacture  of  steel  tires. 
the  steel  did  not  lengthen  so  much  as  the  iron  in  rolling,  and  it  made 
a  difficulty  in  rolling  the  tires  to  make  them  sound  throughout ;  and 
he  inquired  whether  any  difficulty  of  that  kind  was  found  with  the 
hardened  iron,  for  the  wearing  sur&ce  of  tires  and  wheels? 

Mr.  Stieling  replied,  that  in  rails  no  separation  between  the 
materials  had  been  found  ;  he  had  not  yet  had  experience  in  tires. 
On  the  Edinburgh  and  Glasgow  Railway,  on  the  steep  incline,  at 
Cowlairs,  Mr.  Adie  had  had  rails  hardened  on  this  plan  laid  down  for 
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some  jeaiB,  and  had  foand  them  to  last  better  than  steel-covered  nik, 
which  had  been  also  tried,  and  usoally  wore  oat  in  a  considerablj  shoiter 
time ;  the  hardened  rails  were  still  going  on  well,  and  an  additiosial 
portion  of  that  line  was  now  being  laid  with  them.  In  eonsequenee  of 
the  first  rails  mannfiactured  being  made  too  hard,  they  showed  distinedj 
a  tendency  to  separate,  and  the  fedlare  was  valoable  as  ezpen^nce ;  also 
they  were  made  more  liable  to  separate  by  the  hardened  ^ece  laid  on 
being  round- topped  in  the  pile;  60  or  60  rails  made  at  the  Tery  firet 
works  where  the  plan  had  been  tried,  had  been  broken  at  different  times 
for  examination,  and  were  found  quite  sound. 

Mr.  E.  A.  GowPER  said  he  had  used  wrought-iron  scrap  mixed  with 
cast-iron  in  the  ladle,  the  metal  being  taken  rather  hotter  than  usual ;  it 
closed  the  grain  of  the  iron  yery  much,  aud  was  found  advantsgeous  in 
casting  hydraulic  presses,  or  other  castings  where  a  very  dose  grain 
was  required.     He  had  put  in  as  much  as  15  per  cent,  of  scr^. 

Mr.  Stirling  observed,  that  he  had  never  found  that  more  than 
about  5  per  cent  could  be  combined  in  that  manner,  and  tben  the 
mixture  must  be  more  or  less  imperfect,  and  the  metal  would  be 
partially  chilled. 

Mr.  CowPEB  said  he  had  not  found  any  objection  from  the  metal 
being  cooled  ;  it  was  tsken  pretty  hot,  and  clean  iron  turnings  were  pot 
into  the  ladle,  and  well  stirred  up,  which  secured  complete  mixture  and 
fusion. 

Mr.  Slauohteb  inquired  what  was  the  relative  cost  of  toughened 
cast-iron  ? 

Mr.  Stirling  replied,  that  in  a  girder,  if  the  section  were  reduced 
one-fifth,  the  cost  would  be  cheaper ;  if  the  price  of  cast-iron  were  reiy 
low,  the  toughened  iron  would  then  be  proportionately  dearer. 

Mr.  Slauohter  said  he  had  tried  the  toughened  iron  for  a  nomber 
of  locomotive  cylinders,  at  the  recommendation  of  Mr  Gooch,  on  the 
Great  Western  Railway,  and  found  it  made  very  fine,  perfect,  and  sound 
castings,  better  than  he  had  ever  made  before.  He  intended  to  continue 
^  the  use  of  it,  and  considered  it  an  excellent  material  for  cylinder 
castings,  and  preferable  forauy  purpose  for  which  the  strongest  and  best 
iron  was  required.  He  did  not  find  the  iron  dearer,  but  on  the  con- 
trary, less  expensive  than  the  iron  he  had  previously  used  for  the 
purpose. 
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Air.  Stiruno  explained  that  the  toughened  iron  might  he  made 
from  a  cheaper  iron,  such  as  the  Scotch  hot-hlajst,  which  at  £3  per  ton 
would  he  ahout  £S  IO3.  for  the  cost  of  the  toughened  iron,  which  would 
then  surpass  in  strength  a  dearer  iron,  such  as  Bkenavon  at  £5  or 
£5  10s.  per  ton ;  so  that  although  the  increased  expense  of  the 
process  was  10s.  or  1 2s.  per  ton,  the  final  cost  was  less,  hecause  a 
cheaper  description  of  iron  could  he  used,  and  a  greater  strength  was 
at  the  same  time  obtained,  as  shown  in  the  table  of  experiments. 

Mr.  Sladohteb  said  he  had  found  that  the  toughened  iron  was  less 
expensive.  That  which  he  used  was  made  from  Dundy  van  or  Calder 
iron,  at  £3  or  £3  10s.  per  ton,  and  he  found  it  better,  when  toughened, 
than  the  cold- blast  iron  which  he  had  previously  used  at  £5  or  £5  10s. 
per  ton. 

The  Chairman  proposed  a  vote  of  thanks  to  Mr.  Stirling,  for  his 
valuable  and  interesting  paper,  which  was  passed.  He  thought  that 
important  practical  results  were  likely  to  follow  from  such  an  able 
investigation,,  and  they  were  much  indebted  to  Mr.  Stirling  for  bringing 
it  before  them,  and  he  trusted  that  he  would  continue  the  course,  and 
favour  the  Institution  with  the  further  results. 


The  following  paper,  by  Mr.  Edward  A.  Gowper,  of  London,  was 
then  read : — 

DESCRIPTION    OF    CUGNOT'S    ORIGINAL    INVENTION 
OF  THE   LOCOMOTIVE    STEAM    ENGINE    FOR    COM- 
MON  ROADS. 
The  object  of  the  present  Paper  is  to  put  the  Members  of  this 
Institution  in  possession  of  certain  information,   which  was   ob- 
tained by  the  writer  and  your  Secretary  when  in  Paris,  in  reference 
to  a  Locomotive  Steam  Engine  for  Common   Roads,  which  they 
saw  in  the  **  Conservatoire  des  Arts  et  Metiers." 

Attention  was  first  drawn  to  the  subject  by  a  model  of  a  loco- 
motive on  three  wheels,  placed  in  a  glass  case  in  the  "  Conservatoire," 
and  on  making  diligent  inquiries  it  appeared  that  the  actual  engine 
itself  was  preserved  in  an  old  Church,  that  had  been  appropriated 
for  the  reception  of  various  kinds  of  interesting  machines,  within 
the  bounds  of  the  "  Conservatoire." 
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Permission  to  view  the  engine  having  been  obtained,  thioogb 
the  kindness  of  the  Officer  of  the  Institution,  the  engine  was 
examined  carefully,  and  general  dimensions  were  taken,  and  a  most 
iuteresting  sight  it  was,  to  see  the  actual  first  machine  that  man  had 
made  to  run  alone  by  steam ;  it  was  a  most  creditable  piece  of 
work,  considering  when  it  was  made,  and  would  no  doubt  have 
caiised  a  much  greater  sensation  in  the  world  than  it  did.  had  it  not 
met  with  a  serious  accident  after  it  had  had  two  or  three  little  walks 
only. 

The  Officer  who  showed  the  engine,  explained  that  as  it  was 
passing  along  a  street  near  where  the  Madeleine  now  stands,  in 
turning  a  comer  it  overbalanced  itself,  and  fell  over  with  a  crash : 
and,  iinfoitunately,  instead  of  being  allowed  to  get  the  better  of  the 
bruise,  and  have  another  trial,  it  was  at  once  locked  up  to  keep  i^ 
out  of  harm. 

The  following  particulars  have  been  translated  from  the  Frendi 
description,  obligingly  furnished  to  the  writer  by  his  friend,  M. 
Armeugaud,  Professor  at  the  "  Conservatoire  des  Arts  et  Metiers." 

The  accompanying  drawings,  Figs.  1,  2, 3,  and  4,  Plates  5,  6, 
and  7,  have  been  made  by  your  Secretary  from  the  drawing  kindly 
sent  by  M.  Armengaud. 

It  appears  from  documents  collected  by  M.  Morin,  that  a  native 
of  Lorraine,  in  France,  named  Cugnot,  is  entitled  to  the  credit  of 
having  first  constructed  a  carriage  whose  wheels  were  propelled  by 
steam,  and  that  in  1769  he  made  a  locomotive  on  three  wheels,  to 
run  on  common  roads,  which  was  put  in  motion  by  a  steam  engine 
composed  of  two  single-acting  cylinders,  whose  pistons  acted  alter 
nately  on  the  single  front  wheel.  Nicholas  Joseph  Cugnot,  whose 
name  has  been  hitherto  overlooked  in  the  history  of  the  locomotive 
steam  engine,  was  bom  at  Void,  in  Lorraine,  on  '^6th  Febroaiy, 
1729,  and  died  at  Paris  in  1804. 

In  the  trials  of  Cugnot's  machine,  which  were  made  at  the 
Arsenal,  in  the  presence  of  the  Duke  de  Choiseul  then  Minister 
of  War,  General  Gribeauval  First  Inspector- General  of  Artillery, 
and  other  eminent  persons,  the  new  vehicle,  loaded  with  four  per- 
sons, could  not  travel  faster  than  2^  miles  per  hour ;  and  the  size 
of  the  boiler  not  being  sufficient,    it  would  not  continue  at  work 

Digitized  by  VjOOQ IC 


cugnot's  locomotivb  steam  engine.  86 

longer  than  12  or  15  minutes;  it  was  then  necessary  to  wait  until 
the  steam  had  again  risen  to  a  sufficient  pressure  hefore  it  could 
proceed  further. 

In  1770,  Cugnot  constructed  a  new  machine,  which  gave  more 
satisfactory  results;  the  trials  made  hy  order  of  the  Duke  de 
Choiseul  were  however  abandoned.  The  employment  of  steam 
engines  in  the  place  of  animals  to  convey  merchandise  and  pas- 
sengers, could  not  become  a  practically  successful  application  with- 
out the  aid  of  the  iron  railways  of  England ;  and  the  difficulty  of 
managing  the  machine  on  common  roads  stopped  the  invention  of 
locomotive  steam  engines  in  Fraiice,  and  the  efforts  of  Cugnot. 

Whilst  the  first  machine  of  Cugnot  was  in  course  of  construction, 
in  1 769,  a  Swiss  Officer,  named  Planta,  presented  to  the  Duke  de 
Choiseul  a  similar  project ;  but  perceiving  that  Cugnot's  machine 
was  preferable  to  his  own,  he  did  not  proceed  any  further  with  it. 

The  following  is  a  description  of  the  mach'me  : — Fig.  1,  Plate  5, 
is  a  side  elevation ;  Fig.  2,  Plate  6,  a  plan ;  Fig.  3,  Plate  7,  a  trans- 
verse section ;  and  Fig.  4,  a  longitudinal  section  of  the  front  por- 
tion. 

The  machine  is  composed  of  two  parts ;  the  front  one  (in  place 
of  the  horse)  being  supported  by  a  single  driving  wheel  M  ;  these 
two  parts  are  united  by  a  moveable  pin  E,  and  a  toothed  sector  S, 
fixed  on  the  framing  LL  of  the  front  part. 

The  hind  part  T  is  merely  a  carriage  on  two  wheels  RR,  in- 
tended to  convey  the  load,  and  furnished  in  front  mth  a  seat  B,  for 
the  conductor. 

The  fore  part  carries  the  copper  boiler  C,  having  a  furnace 
inside,  provided  with  two  small  chimneys ;  the  two  single-acting 
brass  steam  cylinders  AA  communicating  with  the  boiler  by  the 
pipe  O,  and  the  machinery  for  communicating  the  motion  of  the 
pistons  to  the  driving  wheel  M. 

When  one  of  the  pistons  P  descends,  the  piston  rod  D  draws 
with  it  the  crank  F,  the  catch  of  which  causes  the  driving-wheel  to 
make  a  quarter  of  a  revolution  by  means  of  the  ratchet  wheel  G, 
which  is  fixed  on  the  axle  of  the  driving  wheel ;  at  the  same  time 
the  chain  H,  fixed  to  the  crank  on  the  same  side,  descends  also,  and 
moves  the  lever  I,  the  opposite  end  of  which  is  raised,  and  restores 
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the  second  piston  to  its  original  position  at  the  top  of  the  cjlinder, 
by  the  interposition  of  a  second  chain  and  crank. 

The  piston-rod  of  the  descending  piston,  bj  means  of  a  catch 
Y,  caoses  the  levers  Q  Q  to  lum  round,  moving  the  levers  ZZ  ^ 
the  same  time,  and  the  chain  fixed  to  them  tm-ns  the  foor-waj  coek 
W,  and  opens  the  second  cylinder  to  the  steam,  and  the  first 
cylinder  to  the  atmosphere.  The  second  piston  then  descends  in 
its  turn,  causing  the  driving-wheel  to  make  another  quarter  revdn- 
tion,  and  restores  the  first  piston  to  its  original  position ;  and  thus 
the  process  is  repeated. 

In  order  to  allow  of  changing  the  direction  of  the  motion,  and 
make  the  vehicle  run  backwards,  the  catch  of  the  crank  F  was 
arranged  in  such  a  manner  that  it  could  at  pleasure  be  made  to  act 
oither  above»or  below ;  in  order  to  obtain  a  backward  motion  it  was 
merely  necessaiy  to  make  it  act  on  the  upper  side  (changing  the 
position  of  the  spring  which  pressed  upon  it) ;  then  when  the  piston 
drove  it  down,  it  slipped  over  the  ratchet  wheel,  and  on  the  other 
hand  the  catch  on  the  opposite  side  was  nused  by  the  lever,  and 
turned  the  wheel  a  quarter  revolution  in  the  direction  contruy  to 
the  original  motion. 

The  conductor  could  further  turn  the  carriage  at  an  angle  <^ 
firom  15"*  to  20**,  by  means  of  a  set  of  cog  wheels  N  N,  the  list  of 
which  worked  on  the  toothed  sector  S,  and  the  first  of  which  wa» 
turned  by  a  spindle  furnished  at  the  top  with  a  double  handle  in 
front  of  the  seat  B. 

It  will  no  doubt  be  in  the  recollection  of  most  of  the  Members, 
that  the  earliest  recorded  date  of  any  other  Locomotive  was  that  of 
Murdock,  in  1784,  being  15  years  later  than  Cugnot's  engine;  this 
engine  was  shown  at  work  at  a  former  meeting  of  this  Institution. 

Various  persons  have  suggested  the  moving  vehicles  by  steam, 
but  none  it  appears  so  early  as  Cugnot,  who  actually  ran  an  engine 
on  land.  Papin  certainly,  in  his  work  published  at  Capel  in  1699. 
suggested  the  use  of  ratchets,  to  convert  the  motion  of  a  piston 
into  a  circular  motion,  but  it  does  not  appear  that  he  had  any  idea 
of  a  locomotive. 

After  the  dale  of  Cugnot's  engine,  there  are  several  persons 
whose  names  should  be  mentioned  as  having  suggested  the  use  of 
steam  for  locomotion,  viz.:— Watt,  in  1784 ;  Oliver  Ev^s,  in  J 786; 
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Professor  Bobinson,  in  1795  ;  and  lastly,  Trevithick  and  Vivian,  in 
1804»  who  not  only  ran  a  locomotiTe  steam  engine,  but  laid  down 
raiU  for  it  to  run  on,  at  Merthyr  Tydvil,  in  South  Wales ;  and 
from  this  time  the  improyements  introduced  in  locomotives  and 
rsulways  have  been  almost  incessant,  until  we  have  now  good 
smooth  roads,  and  locomotives  which  run  much  faster  {han  the 
wind. 


The  Chaibman  observed  that  the  paper  was  an  interesting  record 
of  the  first  attempt  to  apply  steam  to  locomotion,  and  it  appeared 
that  they  had  not  been  hitherto  giving  the  credit  where  it  was  really 
due.  It  was  highly  interesting  and  instructive «to  look  back  in 
tracing  the  progress  of  invention,  to  see  how  much  the  ingenuity  of 
man  had  been  directed  to  do  something  that  was  mistaken  in  its 
object.  Generally  the  first  attempts  at  invention  commenced  with  a 
complicated  machine,  and  the  progress  of  subsequent  improvements 
was  gradually  to  simplify,  a  vast  amount  of  ingenuity  having  been 
expended  in  overcoming  difficulties  which  need  not  have  been 
encountered. 

A  vote  of  thanks  to  Mr.  Cowper  for  his  communication  was  pro- 
posed by  the  Chairman,  and  passed. 


The  following  paper,  by  Mr.  Alexander  Allan,  of  Crewe,  was  then 
read: — 

DESCRIPTION  OF  AN  OIL  AXLE-BOX  FOR  ENGINES 
AND  TENDERS. 

An  Axle-box  for  the  driving-wheels  of  passenger  engines,  is 
shown  in  Figs.  1  and  *i,  Plate  8  : — 

A  is  the  axle-box,  of  cast-iron,  with  two  wrought-iron  pieces  cast 
in  the  sides  of  it. 

B,  the  axle-step,  which  is  carried  1  inch  below  the  centre,  to 
assist  the  sides  in  resisting  the  horizontal  thrust ;  the  inside  edge 
W  is  also  carried  lower  than  the  outside  of  the  sponge-box,  which 
carries  the  oil  over  the  joint  of  axle-step  and  sponge-box  joint. 

S,  the  sponge-box;  in  it  are  placed  one  or  two  pieces  of 
sponge,  a  ittle  thicker  than  the  distance  from  axle  to  bottom  of 
spoDge-box. 
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The  axle  is  6^  inches  in  diameter,  and  is  supplied  with  oil  bj  a 
covered  sjphon-hox  on  the  top  of  a  straight  tube  abont  3  feet  long, 
and  directly  over  the  aide  at  X«  which  tube  goes  1^  inches  into  the 
axle-box,  and  allows  the  engine  to  rise  or  iall  1^  inches,  the  deli- 
very of  oO  on  the  proper  place  is  therefore  certain.  1 1  are  two  pins. 
^  inch  round  iron,  to  support  the  sponge-box. 

E,  the  connection  with  the  spring. 

F,  the  pin  which  connects  £  with  the  sides  of  azle>box. 

T,  are  pieces  of  wronght-iron  cast  in  the  axle-boxes :  the  lower 
ends  are  drilled  for  the  pin  F. 

Axle-boxes  for  the  leading  and  trailing  wheels  of  passenger 
engines,  abo  of  tenders  similar  to  those  experimented  on,  are  shown 
in  Figs.  3,  4,  and  5,  Plate  8. 

A,  a  cast-iron  axle-box,  with  strong  covered  top  to  support  the 
weight ;  under  there  is  a  cored-out  hollow  space,  open  at  one  end, 
and  into  this  hollow  the  brass  oil  cup  C  is  fitted. 

B,  the  axle-step,  1  inch  thick,  with  3  snugs  to  resist  the  lateral 
strain,  and  with  two  counter-sunk  oil  holes. 

C,  the  oil  cup,  with  two  tubes  forming  syphons ;  and  H  a  handle 
for  lifting  it  out  to  trim.  &c. 

S  is  the  sponge-box,  into  which  the  narrow  slip  of  sponge  is 
placed,  to  catch  the  surplus  oil  as  it  leaves  the  axle  bearing- 

In  accordance  with  the  request  at  the  last  meeting  of  the  Insti- 
tution, the  following  experiments  have  been  made  on  the  consump- 
tion of  oil  in  the  axleboxes  of  tenders  alone,  fitted  with  oil 
receivers  and  sponges  for  collecting  the  oil,  as  described  aboTe ; 
these  experiments  lasted  seven  days. 

6-08  quarts  of  oil  used,  at  9d.  per  quart...  4     6 J 
Four  sponges  at  id.  each  0     il 


For  running  6,000  miles 4     Bjorfd.perday. 

N.B. — ^This  result  was  obtained  by  running  1972  miles,  with 
three  tenders,  and  reduced  to  6000  miles,  as  a  mean  of  compaiison 
with  the  axle-box  described  at  the  last  meeting.  The  same  systeni 
has  been  in  operation  on  the  Northern  Division  of  the  London  an<^ 
North  Western  Eailway  for  the  last  ten  or  twelve  years. 
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Mr.  Lea  inquired  how  many  bearings  had  been  tried  in  Mr 
Allan's  experiments? 

Mr.  Allan  replied  that  the  four  bearings  of  the  tender  alone 
iRrere  tried;  he  had  checked  the  experiment  by  trying  it  with 
other  men,  and  found  very  little  variation  in  the  consumption :  they 
had  never  exceeded  one  penny  per  day. 

Mr.  Lea  said  he  should  be  glad  to  try  a  corresponding  experi- 
ment ^with  the  new  lubricating  composition  that  he  had  mentioned 
at  the  last  meeting  of  the  Institution,  which  was  quite  applicable 
to  that  kind  of  axle-box,  and  he  considered  would  effect  a  consider- 
able further  economy. 

The  Chairman  remarked  that  in  any  comparative  experiments, 
care  should  be  taken  to  have  the  weights  on  the  journals  equal. 

Mr.  Lea  said  he  proposed  to  try  the  journals  on  the  opposite 
sides  of  the  tender  or  carriage,  with  the  two  different  lubricating 
materials  at  the  same  time,  so  as  to  ensure  equality  of  load  and 
mileage  and  all  circumstances.  He  had  obtained  results  from  several 
railways  of  ^e  cost  of  lubrication,  and  he  hoped  to  have  an  oppor- 
tunity to  make  further  experiments  before  the  next  meeting  of  the 
Institution. 

Mr.  Fothergill  observed  that  the  diameter  and  width  also  of 
the  journals  was  of  much  importance  in  the  lubrication ;  in  small 
machinery,  in  particular,  the  size  of  journals  made  a  great  difference. 
Mr.  MoCoNNELL  remarked  that  the  most  economical  mode  of 
lubrication  was  certainly  an  important  subject  for  experiment  on 
railways,  as  it  was  a  serious  item  of  expenditure ;  the  two  points 
should  be  tried  separately — ^the  best  material  for  lubrication,  and  the 
best  mode  of  applying  it.  ^ 

The  Chairman  proposed  a  vote  of  thanks  to  Mr.  Allan  for  his 
communication,  which  was  passed. 


The  Meeting  then  adjourned  ;  and  in  the  evening  a  number  of 
the  members  and  their  friends  dined  together,  in  celebration  of  the 
Aimiversary  of  the  foundation  of  the  Institution. 
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Stsax  ENOiirB  BoxLBBS,  paxticolan  of  constractioii — fonn— -heatiiig 
relatiYe  yalue  of  radiant  surface  in  effect  and  economj-Hnrt— o 
of  fuel — eyaporation  of  water^preasuie  of  steam — steam  gauges,  liigh  pna- 
sore  and  low  pressure — exj^losion  of  boilers,  and  means  of  preineptioa  Acti 
of  heat  on  the  metal  of  boilers,  low  pressure  and  hi^  pressure — ineniilBtios 
of  boilers,  and  means  of  prevention — evaporatiTe  power  and  eooDOBj  of 
different  kinds  of  fuel,  ooal,  wood,  charcoal,  peat,  patent  coal,  and  cob — 
moyeable  grates,  and  smoke-consuming  apparatus,  facts  to  show  the  hes, 
plan,  and  results  of  working. 

Stbam  Enoinbs,  expansive  force  of  steam,  and  best  means  of  using  it— power  A- 
tained  by  various  plans — comparison  of  double  and  single  cjunder  engines- 
comparative  advantages  of  direct-acting  and  beam  engines— indicator  fignra 
fix)m  engines,  with  details  of  useful  efi^cts,  consumption  of  fiiel,  ^.— «0Btri- 
butions  of  indicator  fig^ures  for  the  general  book  of  reference  kept  in  the  Insti- 
tution. 


PuMPOTG  Emginies,  particulars  of  various  conBtruetions— sixe  of  cjlinder  and  i 

strokes  per  minute,  and  horse-power— number  and  sixe  of  pumps  and  strdkee 
per  minute — comparison  of  double-acting  and  single-acting  pumping  cogipei 
— particular  detaOs  of  different  valves— application  of  pumpe — fen-dnmiag 
engines— comparative  advantages  of  scoop  wheels  and  centrifugal  poopit 
lifting  trough,  &o. 

Blast  Enqinvs,  best  kind  of  engine — size  of  cvUnder,  strokes  per  minute,  uA 
horse-power— details  of  boilers — size  of  blowing  cylinder  and  smokes  per 
minute— pressure  and  means  of  regulating  the  blast — improvements  in  bhst 
cylinders — ^rotary  blowing  machines. 

Mabdtb  Engines,  power  of  engines  in  proportion  to  tonnage — difGerent  coDStnc^ 
tions  of  engines — dynamical  effect  compared  with  indicator  figines— conm- 
rative  economy  and  durability  of  different  boilers,  tubular  boilers.  Hat  one 
boilers,  &c. — weight  of  machinery  and  boilers — kind  of  paddle  wheels— qie^ 
obtained  in  British  war  steamers,  in  British  merchimt  steamers,  and  in 
Foreign  ditto,  with  particulars  of  the  construction  of  engines  with  pad^ 
wheels,  &c. — screw  propellers,  particulars  of  different  kinds,  improvementiii 
the  form,  number  of  arms,  material,  means  for  unshipping,  hone-povir 
applied,  speed  obtained,  section  of  vessel — iron  and  wood  ships,  details  of 
construction,  lines,  tonnage,  cost,  &o. 

RoTABY  Enoinss,  particulars  of  construction /md  practical  application — details  of  Uie 
results  of  working. 

IrOOOMonvB  Engines,  express,  passenger,  and  luggage  engines — ^particulars  of  con- 
struction, details  of  experiments,  and  results  of  working — speed  of  enginei, 
cost,  power,  weight,  steadiness — consumption  of  fuel— heating  sur&ce,  loigtk 
and  diameter  of  tabes — experiments  on  sizo  of  tubes  and  blast-pipe— compara- 
tive expense  of  working  and  repairing — best  make  of  pistons,  valve  gear, 
expansion  gear,  &c. 

Calokic  Engines,  and  Engines  worked  by  Gas,  Gun-cotton,  or  other  expkwTe 
compounds — comparative  coflsumption  per  horse-power  per  hour. 

Elscibo-Magnbtio  Engines,  particulars  and  results. 

Watbb  Wheels,  particulars  of  construction  and  dimensions — ^fbrm  and  depth  of 

buckets— head  of  water,  velocity,  per-centage  of  power  obtained — turoM*. 

construction  and  practical  application,  power  obtained,  comparative  eAct 

and  economy. 
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Wind  Milu,  particulan  of  construction — number  of  sails,  surface  and  form  of 

sails — velocity,  and  power  obtained — average  number  of  days'  Work  per 

annum. 
CoBM  Mills,  particulars  of  improrements — power  employed — application  of  steam 

power — results  of  working  with  an  air  blast  and  small  stones— advantages 

of  regularity  of  motion. 

SvoAA  Mills,  particulars  of  the  construction  and  working— results  of  the  applica- 
tion of  the  hydraulic  press  in  place  of  rolls. 

Saw  Mills,  particulars  of  construction — mode  of  driving — power  employed— parti- 
culars of  work  done^best  speeds  for  vertical  and  circular  saws  —  form  of 
saw  teeth — saw  mills  for  cutting  ship  timbers — veneer  saws. 

Oil  MiLiiS,  &ots  relating  to  the  construction  and  working,  by  stampers  and  by 
pressure. 

OoTTON  Mills,  information  respecting  the  construction  and  arrangement  of  the 
machinery^power  employed,  and  application  of  power — cotton  presses,  mode 
of  construction  and  working,  power  employed — improvements  in  spinning 
and  carding  machinery,  &c. 

MUoHnrEBT  for  manufacturing  Flax,  both  in  the  natural  length  of  staple  and  when 

out. 
BoLLiNO  Mills,  improvements  in  machineiy  for  making  iron  and  steel— mode  of 

applying  power — steam  hammers — spiling  of  iron — plates — fancy  sections. 

Stahpino  AMD  CoiNiNO  Machinbbt,  particulars  of  improvements,  &c. 
Papeb-Makino  and  Papeb-Cuttino  Machines,  ditto        ditto 

Printing  Machines,  ditto        ditto    ^ 

Calioo-Pbintino  Machinery,  ditto       ditto 

Water  Pumps,  facts  relating  to  the  best  construction,  means  of  working,  and  appli- 
cation— best  forms — velocity  of  piston — construction  of  valves. 
Am  Puvps,  ditto  ditto  ditto 

Htdrattlic  Presses,  fiusts  relating  to  the  best  construction,  means  of  working,  and 
application. 

BoTART  AND  Centrifuoal  Puvps,  ditto  ditto  ditto. 

Firs  Engines,  ditto  ditto  ditto. 

Sluices  and  Sluice  Cocks,  ditto  ditto  ditto. 

Gbanbs,  ditto  ditto  ditto. 

Steam  Cranes,  Hydraulic  Cranes,  Pneumatic  Cranbb,  ditto. 

Lifts  por  raising  Trucks,  &c.  ditto  ditto  ditto. 

Lathes,  Planing,  Boring,  and  Slotting  Machines,  &c.,  particulars  of  improve- 
ments— description  of  new  self-acting  tools. 

Toothed  Wheels,  best  construction  and  form  of  teeth — ^results  of  working — power 
transmitted. 

Driving  Belts  and  Straps,  best  make  and  material,  leather,  rope,  wire,  gutta 
percha,  &c. — comparative  durability,  and  results  of  working— power  com- 
municated by  certain  sizes. 

Dynamometers,  pressure  gauges,  indicators,  governors,  &c.,  construction  and  working. 

Strength  of  Materials — facts  relating  to  experiments  on  ditto,  and  general  de- 
tails of  the  proof  of  girders,  &c. — girders  of  cast  and  wrought  iron,  particulars 
of  different  constructions,  and  experiments  on  them — best  forms  and  propor- 
tions of  girders  for  different  purposes — best  mixtures  of  metal — mixture  of 
wrought  iron  with  cast. 

Durability  op  Timber  of  various  kinds — best  plans  for  seasoning  timber  and 
cordage — results  of  Kyan's,  Payne's,  Bethell's,  and  Bumetf  s  processes,  &c. 
— comparative  durability  of  timber  in  different  situations.      ^^  , 

Digitized  by  VjOOQ IC 


42  SUBJECTS   FOR   PAPERS. 

CoB&osiON  OF  Mbtalb  by  salt  and  fresh  water,  and  by  the  atmosphocy  fte— iirti 
relatrng  to  corroeion,  and  best  meaxia  of  prevention — means  of  keeping  ^«' 
bottoms  clean. 

Alloyb  of  Metaub — facts  relating  to  different  alloys. 

Friction  of  yabious  Bodies — facts  relating  to  friction  under  ordinary  dicom- 
stances— friction  of  iron,  brass,  copper,  tin,  wood,  &c. — proporti(Hi  of  veigbx 
to  nibbing  surface— best  forms  of  journals,  and  oonstmction  of  azle-baxe^ 
&c. — lubrication,  best  materials  and  means  of  application,  and  results  of 
practical  trials — ^best  plans  for  oil  tests. 

Iron  Roofs,  particulars  of  construction  for  different  purposes— durability  in  \moms 
climates  and  situations — comparative  cost,  weight,  and  durability — ^roofe  far 
slips  of  cast-iron,  wrought-iron,  timber,  &c.,  best  construction,  fofin,  aid 
material — details  of  large  roofs  and  cost. 

FiRB-FROOF  Buildings,  particulars  of  construction—  most  eficient  plan— resohs  of 
trials. 

Chimney  Stacks  of  large  size,  particulars,  mode  of  building,  cheapest  constntetiga, 
&c. 

Bricks,  manujbcture  and  durability — hollow  bricks,  fire-bricks,  and  fire-day— pfr- 
forated  bricks,  cost  of  manufacture,  and  advantages. 

Gas  "Works — best  form,  size,  and  material  for  retorts — construction  of  retort  oveas 
— quantity  and  quality  of  gas  from  different  coals — oil  gas,  water  gas>  &c.— 
improvements  in  punfiers,  condensers,  and  ^  holders— wet  and  dry  gai 
meters — pressure  of  gas,  gas  exhauster — ^gas  pipes,  str^igth  and  dorabilltv, 
and  construction  of  joints— proportionate  diameter  and  length  of  gas  msmst 
and  velocity  of  the  passage  of  gas — experiments  on  ditto,  and  on  ^e  fridiaD 
of  gas  in  mains,  and  loss  of  pressure. 

Water  Works— facts  relating  to  water  works— application  of  power,  and  econoiBy 
of  working — proportionate  diameter  and  length  of  pipes — experiments  oathe 
discharge  of  water  from  pipes,  and  friction  through  pipes— strength  az&d 
durability  of  pipes,  and  construction  of  joints— relative  advantages  ofstrnd- 
pipes  and  air- vessels. 

Well  Sinking  and  Artesian  Welus,  facts  relating  to. 

Coffer  Dams  and  Piling,  facts  relating  to  the  construction. 

Piers,  fixed  and  floating,  and  Pontoons,    ditto        ditto. 

Pile-driving  Affaratus,  particulars  of  improvements — ^use  of  vteam  power— 
Potf  8  apparatus —the  compressed  air  system. 

Dredoino  Machines,  particulars  of  improvements — application  of  dredging  na- 
chines— power  required,  and  work  done. 

Diving  Bells  and  Diving  Dresses,  facts  relating  to  the  best  oonstiuctkm. 

CAST-mo'N  AND  Wrought-iron  LIGHTHOUSES,  ditto  ditto 

Mining  Operations,  facts  relating  to  mining — means  of  ventilating  minec,  use  of 
steam  jet  and  ventilating  machinery — mode  of  raising  materials— mode  of 
breaking,  pulverising,  and  sifting  various  descriptions  of  ores. 

Blasting,  facts  relating  to  blasting  under  water,  and  blasting  generally— use  of 
gun  cotton,  &c. — effects  produced  by  large  and  small  charges  of  powder. 

Blast  Furnaces — consumption  of  fiiel  in  different  kinds — ^burden,  make,  M»d 
quality  of  metal — ^pressure  of  blast — horse-power  required— eoonomj  « 
working— improvements  in  manufacture  of  iron— -comparative  results  w  l»t< 
and  cold  blast. 

Puddling  Furnaces,  best  forms  and  construction — worked  with  coal,  diareoal,  9a, 

HRA.T1NO  Furnaces,  best  construction  —consumption  of  fuel,  &c. 

Smiths'  Forges,  best  construction — size  and  material— power  of  blast— hot  Uiit, 
&c.  *^ 
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SMrras'  Fans,  and  Fans  generally,  best  construction,  form  of  blades,  &c.,  with 
facts  relating  to  the  amount  of  power  employed  and  the  per-centage  of  effect 
produced. 

CoKS  Aifi>  Cha&ooal,  particulars  of  the  best  mode  of  making,  and  construction  of 
ovens,  &c. 

'GLa.h/wa.ts— construction  of  permanent  way — section  of  rails,  and  mode  of  manufac- 
ture—experiments on  rails,  deflection,  deterioration,  and  comparative  dura- 
bility-->material  and  form  of  sleepers,  size,  and  distances — improvements  in 
chains,  keys,  and  joint  fiistenings— permanent  way  for  hot  climates. 

SwiTCHSS  and  Crossings,  particulars  of  improvements,  and  results  of  working —  . 

advantages  obtained  by  steeling  points  and  tongues.  I 

TURNTABI.S8,  particulars  of  various  constructions  and  improvements.  i 

SioHAiiS  for  Stations  and  Trains,  and  self-acting  signals.  I 

Brkaks  for  Carriages  and  Waggons,  best  construction.  I 

BiTFFBBS  for  Carriages,  &c.,  and  Station  Buffers— different  construction  and  materials.  ' 

SpBiKoe  for  Carriages,  &c.,  buffing  and  bearing  springs — ^particulars  of  different 
constructions  and  materials,  steel,  india-rubber,  &c. — results  of  working. 

"Raii^way  Whbbls,  wrought-iron,  cast-iron,  and  wood — particulars  of  different  con- 
structions, and  results  of  working — comparative  expense  and  durability — 
wrou^ht-iron  and  steel  tires,  comparative  economy  and  results  of  working — 
solid  wrought-iron  wheels. 

Railway  Axlbs,  best  description,  form,  material,  and  mode  of  manufacture — com- 
parison of  solid  and  hoUuw  axles. 


The  Council  invite  communications  from  the  Members  and  their  friends,  on 
the  preceeding  subjects,  and  on  any  Engineering  subjects  that  will  be  useful  and 
interesting  to  the  Institution ; — also  presentations  of  Engineering  drawings,  models, 
and  books  for  the  library  of  the  Institution. 

The  communications  should  be  written  on  foolscap  paper,  on  one  side  only  of 
each  page,  leaving  a  clear  margin  on  the  left  side  for  binding,  and  they  should  bo 
written  in  the  third  person.  The  drawings  illustrating  the  communications  should 
be  on  so  large  a  scale,  as  to  be  clearly  visible  to  the  meeting  at  the  time  of  reading 
the  communication,  or  enlarged  diagrams  should  be  sent  for  the  illustration  of  any 
particular  portions. 
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PROCEEDINGS. 

April  27,  1853. 

The  General  Meeting  of  the  Members  was  held  at  the  house  of 
the  Institution,  Newhall  Street,  Birmingham,  on  Wednesday,  April 
27 ih,  1858,  Archibald  Slate,  Esq.,  Vice-President,  in  the  Chair. 

The  Minutes  of  the  last  General  Meeting  were  read  and  confirmed. 

The  Ballot-papers  were  opened,  and  the  following  new  Members 
were  declared  to  be  duly  elected  : — 

MEMBERS. 

George  Addembrooke,  Darlaston. 

William  Eales,  London. 

David  Joy,  Worcester. 

William  Mathews,'  Birmingham. 

George  M.  Miller,  Dublin. 

Jonathan  Eogers,  Pontypool. 

James  Sollt,  Tipton. 

Edward  B.  Wilson,  Leeds. 

Francis  W.  Wymeh,  Newcastle-on-Tyne. 

HONORARY    MEMBER. 

William  Sutton,  Birmingham. 


llie  following  Paper,  by  Mr.  William  G.  Craig,  of  Newport,  was 
then  read : — 

ON  IMPROVED  INDIA-RUBBER  SPRINGS  FOR  RAILWAY 
ENGINES,  CARRIAGES,  Ac. 
In  order  to  explain  the  difficulties  which  have  been  contended  with 
and  surmounted  by  the  use  of  these  springs,  the  condition  of  the  roads 
upon  which  they  have  produced  such  satisfactory  results  has  to  be 
noticed,  and  the  causes  which  first  led  to  the  introduction  of  India- 
rubber  as  a  substitute  for  steel,  in  bearing  springs,  buffers,  and  draw 
springs. 

Digitized  by  VjOCwIC 


46 


IMPROVED    INDIA-RUBBER  SPRINGS. 


The  Western  Valleys  Lines  of  the  Monmouthshire  Bailwty  And 
Canal  Company,  (upon  which  the  writer  is  Locomotive  Superintendcot) 
consist  of  twenty-five  miles  of  tramway,  exclusive  of  branches,  and 
worked  by  heavy  coupled  engines  of  the  most  improved  constmction. 
The  tramplate  is  laid  by  means  of  chairs  upon  transverse  sleepers,  about 
3  feet  apart,  and  an  intermediate  sleeper  at  the  joints.  This  plate, 
although  heavy,  (about  73  lbs.  per  yard)  is  of  very  weak  section,  as 
shown  by  the  accompanying  drawing.  Fig,  4,  Plate  9,  and  there  is 
consequently  considerable  deflection  in  it,  a  tendency  to  rise  at  the 
joints,  and  for  the  sleepers  to  work  loose ;  the  eflTect  of  this  is,  to  canse 
a  much  greater  expenditure  of  power  necessary  to  overcome  a  series  of 
rising  and  falling  gradients,  than  would  be  the  case  upon  an  edge  nul, 
and  an  undulatory  motion  of  the  engine  is  caused,  which  is  extremely 
destructive  to  the  steel  springs  hitherto  in  use  on  this  Hue.  The  curvea 
are  also  unusually  sharp,  (some  being  under  five  chains  radius,  aad  the 
majority  under  twenty  chains,)  which  is  productive  of  a  prejudicial  effect 
on  the  wheels,  buffers,  and  other  parts  of  the  engines,  carriages,  and 
waggons.  The  gradients  are  very  heavy,  (some  being  I  in  64,)  produdDg 
a  much  greater  strain  on  the  draw-bars  and  couplings  than  is  to  be  met 
with  upon  ordinary  railways. 

Upon  such  a  road,  the  inconveniences  attending  the  use  of  steel 
springs  were  both  numerous  and  formidable.  In  addition  to  the  con- 
tinual repaira  which  were  required  by  the  springs  themselves,  the  bjary 
done  to  the  permanent  way,  arising  from  the  unequal  action  of  the 
springs,  and  the  violent  concussions  they  were  subject  to,  when  they 
were  totally  disabled  (as  was  frequently  the  case),  was  large  in  amount 
and  of  continual  occurrence,  and  of  a  character  that  involved  con- 
siderable expense  in  repairs^  Some  idea  of  the  damage  thus  occasioned 
may  be  formed  from  the  fact  of  the  wheel  tyres  requiring  to  be  replaced 
at  least  every  eight  months,  having  become  worn  by  that  time  into  a 
series  of  flats,  more  nearly  resembling  an  irregular  polygon  in  outline 
than  the  circumference  of  a  circle. 

Fig.  4  shows  a  section  of  the  engine  tyres  used  on  the  tramvajs: 
they  are  steeled  on  the  wearing  surface.  With  regard  to  the  springs 
themselves,  it  may  be  proper  to  mention  here  that  the  item  of  expenditure 
for  steel  springs  (including  wages  for  repairing  them)  was  £251  98.  9i 
in  six  months,  for  fifteen  engines  only. 
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Such  then  were  the  circamstanoes  when  it  was  deemed  necessary  to 
test  the  application  of  India-rubber  to  the  various  purposes  before  men- 
tioned, and  the  results  have  been  attended  with  such  marked  success, 
as  to  exceed  the  most  sanguine  anticipations  entertained. 

The  Tndia-mbber  Springs  described  in  this  paper  are  constructed  on 
Mr.  Coleman *s  plan.  Fig.  1,  Plate  9,  represents  the  first  form  of  appli- 
cation, for  engine-beariog  springs.  It  consists  of  a  cylinder  of  prepared 
India-rubber  A,  0  inches  long  and  9  inches  in  diameter,  with  a  hole 
through  it  of  H  inch  for  the  spring  pin ;  it  is  supported  by  a  wrought- 
iron  plate  1}  ^^^^  thick,  which  rests  on  a  shoulder  on  the  spring-pin, 
and  is  covered  by  a.wrought-iron  plate  and  crossbar,  through  which 
pass  the  spring  links  attached  to  the  outside  framing  at  the  bottom^ 
and  secured  by  set  and  jam  nuts  at  the  upper  end.  The  India- 
rubber  is  prevented  from  undue  lateral  expansion  by  two  ^-inch  round 
iron  hoops,  and  from  internal  compression  and  friction  on  the  spring 
pin,  by  a  helical  coil  of  strong  wire ;  instead  of  this  wire,  wrought- 
iron  ferrules  are  now  used.  To  obviate  an  inconvenience  which  has 
been  occasionally  complained  of,  in  passing  over  unusually  rough 
portions  of  the  road,  viz.,  the  jumping  motion  of  the  engines,  from  the 
great  elasticity  of  the  springs — it  was  found  necessary  to  insert  between 
the  bottom  plate  and  the  top  of  the  framing  another  smaller  cylinder  of 
ludia-rubber  B,  for  the  purpose  of  absorbing  the  recoil  of  the  spring, 
and  to  prevent  any  motion  being  re-communicated  from  the  spring  to 
the  framing.  This  had  the  desired  effect,  and  the  engine  was  found 
afterwards  to  run  uniformly  steady,  at  all  varieties  of  speed,  and  how- 
ever great  the  inequalities  of  the  road. 

Upon  engines  with  inside  framing,  or  where  sufficient  space  for  the 
springs  could  not  be  obtained,  two  cylinders  or  sometimes  three  were 
used,  AAA,  as  in  Fig.  2,  which  represents  the  springs  in  use  on 
the  engines  Nos.  2,  8,  4,  and  5. 

In  the  application  of  the  same  description  of  spring  to  a  tender,  the 
India-rubber  is  6^  inches  diameter,  7  inches  long,  with  a  1 }  inch  hole, 
and  bears  against  a  cast-iron  bracket  bolted  to  the  framework  of  the 
tender,  the  bottom  plate  being  supported  by  a  set  nut  on  the  spring  pin, 
which  passes  loosely  through  a  hole  in  the  underside  of  the  bracket,  and 
rests  on  a  wrought-iron  plate,  i  inch  thick,  made  to  fit  in  the  top  of  the 
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Fig.  3  shows  a  similar  arrangemeiit  applied  to  waggons.  In  tk 
passenger  carriages,  two  of  tbese  springs  are  used  in  pairs,  in  order  to 
obtain  a  greater  amount  of  elasticitj,  without  increasing  the  distisea 
between  the  centre  of  the  axle  and  the  sole  bar,  and  a  modified  ferm  of 
axle-box  is  introduced,  to  meet  the  requirements  of  the  double  cylinder 
of  India-rubber.  No  horn  plates  are  used  in  this  case,  their  plaee  being 
supplied  bj  two  guide  rods,  which  pass  through  the  axle-box  and  India- 
rubber  cylinders,  being  firmly  bolted  to  the  sole  bar  by  jaws  on  the 
upper  ends,  and  kept  in  their  places  by  diagonal  stays  at  the  lover 
ends.  The  axle-box  is  cast  with  a  projecting  hollow  wing  on  each  side, 
which  is  enlarged  on  the  top,  to  afford  a  bearing  for  the  bottom  of  the 
India-rubber  cylinder,  and  leaving  a  capacious  grease-box  between  them. 
The  upper  ends  of  the  India-rubber  cylinders  are  received  into  a  cast- 
iron  plate,  fixed  to  the  sole  bar,  and  the  arrangement  of  internal  oofl. 
or  ferrules,  and  external  hoops,  is  the  same  as  previously  described, 
with  this  exception,  that  one  binding  hoop  only  is  used  on  each  cylinder 
instead  of  two,  in  the  case  of  waggons,  rather  greater  elasticity  bdag 
required  for  carriages.  Some  new  passenger  oarriages  with  this  descrip- 
tion of  spring  are  now  in  use  on  the  Monmouthshire  Railway. 

Fig.  7,  Plate  10,  shows  the  present  improved  form  of  Engine-Bearing 
Springs,  termed  the  Hydro-Pneumatic  Spring.  The  olgect  of  this  fona 
is  to  obtain  the  same  amount  of  elasticity  with  a  less  quantity  of  India- 
rubber,  and  is  accomplished  by  thinning  the  cylinder  of  India-rubber  AA 
internally,  and  in  the  increased  space  thus  obtained  placing  a  quanti^ 
I  of  fluid  B — water  is  used  for  this  purpose^which,  acting  by  hydrostatic 

pressure,  distributes  the  pressure  equally  over  eveiy  part  of  the  internal 
j  surface,  thus  obtaining  a  much  larger  bearing  surface  than  if  the 

I  pressure  were  confined  to  the  ends,  and  in  &ct  producing  precisely  the 

I  same  effect  as  a  solid  homogeneous  cylinder  of  India-rubber.      The 

I  fluid  does  not  entirely  fill  the  cavity  in  the  India-rubber,  at  least  not 

when  first  put  in,  but  is  adjusted  to  do  so  only  on  the  spring  receiring 
the  maximum  of  impact ;  the  air  at  the  same  time,  which  had  before 
occupied  the  space  left  vacant  by  the  fluid,  retires  into  a  chamber  C  ibr 
that  purpose  in  the  upper  part  of  the  casting,  and  being  then  in  a  state 
of  considerable  condensation,  exerts  a  powerful  elastic  force,  assisting 
the  spring  to  regain  its  equilibrium.  The  air  and  fluid  are  prevented 
from  escaping  under  the  ends  of  the  India-rubber  cylinder  by  that  part 
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of  the  casting  which  receives  them  being  cast  with  a  groove,  so  that  on 
the  application  of  pressure,  the  India-robber  forces  itself  into  the 
minutest  crevice,  and  a  perfectly  tight  joint  is  obtained  without  the 
necessity  of  interposing  any  other  substance. 

A  spring  on  this  principle  u  applied  to  waggons  in  the  same 
manner  as  the  spring  in  Fig.  3,  of  very  simple  construction,  and  one 
that  requires  no  alteration  of  horn  plates  or  axle-boxes,  but  which,  with 
a  very  little  labour,  may  be  applied  to  any  existing  waggon  adapted  for 
steel  springs. 

Fig.  8  shows  the  same  spring,  as  applied  to  some  new  engines,  now 
heing  made  for  this  railway.  In  this  case  the  spring  is  entirely  beneath 
the  footplate,  in  a  hollow  part  of  the  framing,  immediately  above  the 
axle  guides,  by  which  great  compactness  is  obtained  with  increased 
strength  of  the  frame.  The  internal  arrangement  is  the  same  as  shown 
in  Fig.  7,  but  the  spring  piston  DD  is  here  cast  in  one  piece  with  the 
axle-box,  thus  avoiding  the  necessity  of  using  a  spring  pin,  and  at  the 
same  time  dispensing  entirely  with  suspending  links,  nuts,  and  bolts, 
thereby  still  further  reducing  the  total  weight  of  the  spring,  which  in 
this  case  is  brought  to  a  minimum. 

Fig.  6,  Plate  9,  represents  the  Pneumatic  Buffer,  in  which  the 
elasticity  of  a  cylinder  of  India-rubber  A  A  is  combined  with  that  of  a 
column  of  enclosed  air  B.  No  fluid  is  used  in  this  case,  the  position 
of  the  buffer  and  its  mode  of  action  not  being  favourable  to  its  use ; 
neither  is  it  required,  as  buffers  should  be  sensitive,  more  so  than  would 
be  the  case  were  fluid  used.  The  transverse  pins  CC,  riveted  to  the 
external  or  wrought-iron  cylinder,  serve  to  confine  the  fixed  and 
moving  part  of  the  buffer,  and  pass  through  slots  in  the  plunger  to 
allow  them  sufficient  play.  In  a  cheaper  form  of  this  buffer,  the 
external  wrought-iron  case  D  is  replaced  by  a  cast-iron  one,  for  use 
where  not  liable  to  severe  cross  strains.  Fig.  6  being  only  for  extra 
strong  buffers. 

Fig.  5  shows  a  Draw  Spring  for  the  buffer  plank  of  an  engine, 
and  Fig|.  0,  Plate  1 0,  is  a  cheaper  form  (though  equally  efficient)  for 
common  waggons;  and  these  are  alike  in  principle,  and  only  differ  in 
their  form  and  getting  up. 

The  advantages  resulting  from  the  use  of  these  springs  may  be  thus 
enumerated: — Jst,  Reduction  of  Dead  Weight.      This  item  is  more 
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extensive  than  appears  at  first  sight,  since  the  reduction  of  weight  is 
not  confined  to  the  springs  themselves*  hat  extends,  in  a  greater  or  leas 
degree,  to  a  variety  of  other  parts  of  the  engine,  carriage,  or  waggon,  on 
account  of  the  smoothness  of  their  action.  This  is  particularly  advantt- 
geoos  in  the  case  of  cast-iron,  \vhose  liahiiity  to  fracture  consists,  not  so 
much  in  the  weight  it  has  to  carry,  as  its  inability  to  resist  strains,  jeiks. 
and  concussions ;  these  are,  however,  nearly  altogether  deadened  by  the 
use  of  these  springs,  so  that  a  motion  uniformly  smooth  and  steady  tikes 
the  place  of  one  that  is  very  iDJuriouf*  to  railway  plant,  especially  to 
engines;  and  as  the  working  portions  of  an  engine  are  made  extn 
strong,  with  a  view  to  resist  the  concussions  they  are  subject  to  witii 
steel  springs,  it  follows  that  when  these  are  no  longer  allowed  to 
operate,  they  may  be  made  lighter  without  in  the  least  impairing  their 
efficiency.  The  redaction  in  the  springs  themselves  is,  however,  coo- 
siderable ;  and  the  weight  thus  gained  is  valuable,  particularly  in  the 
case  of  waggons,  where  it  becomes  available  for  tonnage.  The  anioiuit 
of  this  redaction  of  weight  varies,  as  shown  by  the  following  table,  bat 
may  be  taken  on  an  average  at  from  8^  to  5  cwt  per  engine,  and  the 
same  for  waggons. 

Comparative  Weight  of  Indiorrubber  and  Steel  Spring. 


Weight  of  Springs. 

Tndia 
Kubber. 

SteeL 

BcdwiiflB 

in 
WdgfaL 

Engine-Bearing  Springs. 

India-rubber,  1 J  cwt 

Iron  "Work,  3  cwt j 

Steel  Springs  taken  off      

Cwt. 

Cwt. 
8J 

Cvt. 

H    ! 

India-rubber.  1  cwt.           • .       \ 

7 

H 

1 

Iron  Work,  6  cwt j 

Bteel  Springs  taken  off      

J 

Tender-Bearing  and  Draw  Springs. 

India-rubber,  J  cwt > 

Iron  Work,  2  cwt / 

Steel  Springs  taken  off      

2! 

11 

! 

81     ,' 

Carriage-Beazing,  Drawing,  &  Buffing  Springs 
Steel  Springs  taken  off      

4J 

n 

1 

Waggon-Bearing,  Drawing,  &  Buffing  Springs. 
'          Stoel  Springs  taken  off       

3i 

«i 

H    ■ 
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52iidl7,  Steadiness  of  Motipn.  This  has  been  roferred  to  before, 
and  it  may  be  added  that  the  great  steadiness  of  the  engines  with  the 
India-rubber  Springs  is  the  surprise  of  every  one  who  has  witnessed  their 
performance  upon  the  imperfect  road  on  which  they  are  worked. 

Srdly,  Durability.  Although  sufficient  time  may  not  have  elapsed 
to  test  the  absolute  durability  of  these  springs,  yet  during  the  time  they 
have  been  in  use,  in  consequence  of  the  heaviness  of  the  work,  if  dete- 
rioration had  commenced  ever  so  slightly,  it  would  have  been  observable ; 
but  in  a  large  number  of  the  India-rubber  Cylinders  that  were  examined, 
after  being  at  work  for  various  periods,  varying  from  four  to  six  months, 
in  both  engines,  carriages,  and  waggons,  in  no  instance  was  the  slightest 
alteration  visible  from  the  day  in  which  they  were  first  used,  nor  the 
slightest  permanent  contraction  in  length  or  expansion  in  diameter 
perceptible:  it  may,  therefore,  be  inferred  that  their  durability  far 
exceeds  anything  hitherto  applied  to  the  same  purpose,  and  is  fully 
equal  to  any  reasonable  expectation  or  requirement.  The  specimens 
before  the,  meeting  have  been  in  use  for  the  last  five  and  six  months, 
and  corroborate  this  statement.  The  weight  on  each  pair  of  the  engine 
springs  is  from  4i  to  9^  tons. 

4thly,  Saving  in  Repairs.  The  simple  construction  of  tljese  springs 
renders  it  almost  impossible  for  any  injury  to  happen  to  them,  conse- 
quently little  or  no  repairs  are  needed.  As  stated  before,  the 
cost  of  repairing  the  steel  springs  of  fifteen  engines  for  six  months 
was  £251  9s.  9d.  The  cost  of  repairing  the  India-rubber  Springs  of 
fourteen  engines  during  the  last  six  months  was  only  £1  18s.  The 
saving  in  the  cost  of  repairs  is  not  confined  to  the  springs  alone,  but 
the  engine  itself,  the  carriages  and  waggons  to  which  they  are  applied, 
and  even  the  permanent  way.  share  the  advantage.  It  is  found  that 
fewer  chairs  are  broken,  fewer  rails  (plates  rather)  are  bent,  less  grease 
and  oil  is  used  for  the  bearings,  and  the  cost  of  maintaining  the 
waggons  is  reduced  when  India-rubber  is  used.  It  is  inferred  with  a 
considerable  degree  of  probability,  that  from  the  absence  of  any  jerk 
upon  the  axles,  the  tendency  of  the  iron  to  become  crystallized  or 
altered  in  its  nature  and  suddenly  fracturing,  so  often  complained  of, 
and  which  has  produced  so  many  serious  accidents  upon  railways,  will 
by  the  use  of  these  springs  be  nearly  overcome,  and  the  axles  remain 
perfect  for  a  much  longer  period,  more  especially  as  under  the  India- 
rubber  Springs  they  show  no  tendency  to  heat.  ^  . 
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5tbl7»  Cost.  The  qaestion  of  first  cost  does  not  properly  belai^  to 
this  paper,  but  it  will  be  sufficient  to  state  that  a  well-constmetad 
India-rubber  spnng  ought  not,  in  any  case,  to  exceed  the  cost  of  a  stael 
spring  of  equal  strength ;  but  on  the  hydro-pneumatic  principle  it  vill 
be  found  to  be  considerably  cheaper,  especially  for  engines,  ammmting 
on  an  ayerage  to  twenty  per  cent,  saving  on  the  old  plan. 

The  foregoing  remarks  have  been  made  chiefly  with  reference  to 
Bearing  Springs,  but  they  apply  equally  to  both  Buffer  and  Diaw 
Springs ;  and  in  proportion  to  the  extent  in  which  India-rubber  is  used 
in  place  of  steel,  does  the  improvement  in  the  rolling  stock  become 
apparent,  and  the  benefits  resulting  from  its  use  more  stfougiy 
developed.  The  Pneumatic  Buffers,  it  is  considered,  have  been  sob- 
jected  to  a  peculiarly  severe  test,  few  lines  of  railway  in  the  kingdom 
possessing  such  disadvantageous  circumstances.  Almost  every  other 
description  of  buffer  had  been  tried  previously  with  the  same  want  of 
,  success,  until,  from  repeated  failures,  the  attempt  to  obtain  a  permaneot 
buffer  was  almost  abandoned  in  despair,  and  solid  blocks  of  wood  were 
substituted  for  them  in  many  instances.  With  these  buffers,  however, 
no  failure  has  taken  place,  nor  in  any  instance  has  their  elasticity 
diminished  in  the  slightest  degree.  In  the  accompanying  table,  tbe 
deflection  of  this  description  of  buffer  and  the  several  kinds  of  spnngs. 
under  different  weights,  is  shown. 

TfAle  of  Deflection  of  Springs. 
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Before  the  Application  of  India-rubber  draw  springs  to  the  engines 
and  tenders,  the  couplings  were  frequently  breaking,  and  also  the  fno* 
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ends ;  but  since  their  adoption  nothing  of  the  kind  takes  place.  Such 
are  the  advantages  of  these  springs  that  their  adoption  promises  to 
become  general,  and  it  will  be  shortly,  without  doubt,  as  rare  to  meet 
with  a  waggon  unprovided  with  a  draw  spring,  as  it  was  formerly  to 
meet  with  one. 

In  working  15,000  miles,  the  cost  of  repairs  is  found  to  be  reduced 
in  the  engines  using  India-rubber  springs,  in  corresponding  engines  of 
the  two  classes,  from  5Jd.  to  d|d.  per  mile,  and  from  7d.  to  8^d.  per 
nolle. 

It  has  been  the  writer's  object  in  this  paper  to  state  rather  what  has 
been  done  than  to  speculate  on  what  will  be;  but  it  is  notorious  that  the 
ordinary  steel  springs  are  deficient  in  point  of  general  efficiency,  whether 
as  regards  elasticity,  ditrability,  or  cheapness.  It  may  be  that  compe- 
tition may  cause  their  manufacture  to  be  less  strictly  attended  to  than 
formerly ;  or  it  may  be,  and  most  likely  is,  that  the  requirements  of  the 
present  day  have  outstripped  their  ability  to  perform.  However,  be 
that  as  it  may,  it  is  well  known  that  a  substitute  which  shall  combine 
the  above  requisites  has  been  long  desired ;  and  the  writer's  hope,  there- 
fore, that  this  desideratum  will  now  be  supplied  by  the  springs  which 
have  been  described  must  be  his  apology  for  bringing  the  subject  before 
the  Institution. 


Mr.  Craig  exhibited  a  set  of  the  different  descriptions  of  India- 
ruhber  Springs  described  in  the  Paper,  and  also  specimens  of  the 
India-rubber  Cylinders,  taken  out  of  various  springs  which  had 
been  at  work  on  the  Monmouthshire  Railway,  to  show  the  effects 
of  wear  upon  them.  One  cylinder  had  worked  8,850  miles 
in  the  bearing  spring  of  an  engine ;  another  14,060  miles  in  a 
carriage  bearing  spring ;  and  an  engine  buffer  spring  that  had  been 
six  months  in  constant  use  ;  all  of  them  appearing  uninjured  by 
the  work,  not  having  suffered  any  permanent  compression. 

Mr.  H.  Wright  observed  that  he  had  seen  tliese  India-rubber 
Springs  at  work  on  the  Monmouthshire  Railway,  and  they  cer- 
tainly worked  very  satisfactorily,  and  were  much  better  adapted  to 
that  situation  than  steel  springs.     The  case  of  that  railway  was 
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▼eiy  peculiar ;  it  was  peibaps  the  worst  in  the  kiDgdom  for  des^nc^ 
.  tire  aetion  on  the  springs,  from  the  great  ineqoali^  and  roughness 
of  the  road,  which  was  not  npon  the  edge-rail,  bat  the  old  tram- 
way  system,  and  with  reiy  sharp  ennres ;  it  was,  indeed,  impossible 
for  steel  to  stand  in  the  engine  springs,  and  the  steel  springs  were 
disabled  very  rapidly ;  bnt  the  India-mbber  Springs  appeared  to 
stand  the  work  well. 

Mr.  W.  A.  AnAMs  said  he  was  acquainted  with  these  India- 
rubber  Springs,  and  had  witnessed  their  working  on  the  Mon- 
mouthshire line ;  it  was  previously  impossible  to  keep  steel  springs 
in  order,  from  the  violent  jerks  they  were  subjected  to,  and  the 
substitution  of  India-rubber  for  steel  in  that  case  was  an  importsDt 
improvement.  As  to  the  general  application  of  ludia-rubber 
Springs,  there  was  a  special  circumstance  in  favour  of  their  use  in 
locomotive  engines,  from  the  confined  position  and  the  want  of 
space  to  fix  a  properly  proportioned^  laminated  steel  spring,  which 
might  probably  be  otherwise  made  to  work  satisfactorily ;  but  the 
steel  springs  generally  used  in  locomotives  wero  so  short  and  stiff, 
that  their  elastic  action  was  exceedingly  imperfect,  and  they  were 
consequently  ill  suited  to  withstand  the  violent  concussions  of  a 
rough  road.  In  the  bearing  springs  of  carriages  the  case  was  veiy 
different,  and  a  long  thin  laminated  spring  was  employed,  which 
had  a  veiy  easy,  elastic  action,  so  that  in  that  case  the  advantage  would 
be  less  felt  of  the  substitution  of  India-rubber  for  steel.  In  apply- 
ing the  Indiarrubber  Springs  to  carriages,  it  had  to  be  observed 
that  the  bearing  of  the  frame  would  be  on  four  points  only,  instead 
of  eight,  requiring  a  stronger  frame  or  cross-bars  to  distribute  the 
strain. 

Mr.  Allan  said  he  bad  made  some  trial  of  these  India-rabber 
Bearing  Springs  on  engines,  and  they  worked  very  well — bnt  be 
found  them  too  elastic  and  liable  to  produce  a  jumping  action;  but 
the  springs  he  had  tried  were  of  the  kind  first  described,  without 
provision  for  checking  the  rebound  of  the  spring. 

The  Chairman  inquired  whether,  if  such  re-action  could  be 
removed,  the  India-rubber  Spring  would  be  considered  superior  to 
steel  ? 
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Mr.  AiXAM  thought  that  very  little  friction  or  resistance  would 
be  sufficient  to  check  the  re-action,  and  the  India-rubber  would  tl^en 
certainly  make  a  veiy  good  spring. 

Mr.  Gbajo  observed,  that  the  rebound  complained  of  was  quite 
stopped  by  the  little  resistance  offered  by  the  small  second  spring 
tbat  had  been  subsequently  introduced,  but  it  was  now  found  that 
the  objection  was  quite  removed  by  the  water  application  in  the 
new  Compound  Spring. 

Mr.  Clift  inquired  whether  any  difference  was  found  between 
winter  and  summer  in  the  action  of  the  India-rubber  ?  whether 
there  was  any  more  oscillation  observed  in  hot  than  in  cold 
weather  ?  and  whether  the  Indiarrubber  was  liable  to  any  injury  by 
the  heat  to  which  it  was  liable  to  be  exposed  from  the  boiler  or 
fire-box  of  the  engine  ? 

Mr.  Cbaio  replied,  that  the  India-rubber  was  not  affected  by  the 
temperature,  and  no  effect  was  found  during  the  last  severe  winter; 
also  in  two  tank  engines  one  pair  of  the  India-rubber  Springs  was 
exposed  to  great  heat,  probably  as  much  as  1240'',  being  very  near 
the  fire-box,  but  there  was  no  perceptible  effect.  The  material  used 
for  the  springs  was  Mol ton's  Prepared  India-rubber ;  the  raw  guia 
would  not  stand  exposure  to  heat,  and  the  constant  compression 
and  elastic  action. 

The  Ghaibicam  inquired  what  pressure  there  was  upon  the 
India-rubber  when  the  springs  were  at  work  ? 

Mr.  Cbaio  replied,  that  the  vertical  pressure  on  the  end  of  the 
India-rubber  Cylinder,  in  the  engine  bearing  springs,  amounted  to 
about  1^  cwt  per  square  inch  ;  a  weight  of  4^  tons  being  supported 
on  a  cylinder  9  inches  diameter,  having  a  If-inoh  hole  in  the 
centre.  In  the  Hydro-Pneumatie  Spring  the  pressure  on  the  India- 
rubber  was  about  2  cwt.  per  square  inch ;  he  intended  trying  the 
exact  pressure  of  the  water  with  a  Bourdon's  Pressure  Gauge,  but 
had  not  been  able  to  complete  the  experiments  in  t\me  for  the  pre- 
sent meeting. 

Mr.  £.  A.  GowPEB  observed,  that  he  understood  a  considemble 
trial  of  India-rubber  springs  had  been  made  on  engines  upon  the 
London  and  North- Western  Bailway,  and  inquired  what  kind  of 
spring  had  been  applied  there,  and  what  were  the  results  ?     He  had 
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also  heard  that  on  the  Great  Western  they  used  India-robber 
Springs,  and  now  never  hung  an  engine  any  other  way. 

Mr.  Craig  replied  that  the  springs  tried  on  the  London  and 
North- Western  were  with  two  or  three  cylinders  of  India-rubber, 
similar  to  the  first  arrangement  described,  and  they  were  working 
very  satisfactorily,  and  Jie  believed  were  preferred  to  steel  springs. 

The  Chairman  inquired  the  relative  cost  of  Indiarrubber  and 
Steel  Springs  ? 

Mr.  Craig  said  that  the  cost  of  the  India-rubber  Springs  did 
not  in  any  case  exceed  that  of  steel.  Waggon  springs  were  about 
£3  18s.  per  set,  but  engine  springs  were  considerably  less  ezpensiTe 
than  steel,  there  being  so  much  greater  proportionate  weight  of 
steel  in  the  ordinary  springs.  By  the  introduction  of  water  in 
the  Improved  Springs,  the  quantity  of  India  rubber  to  support  toe 
same  weight  was.  reduced  from  20  lbs.  to  12  lbs.  in  each  spring, 
which,  at  the  cost  of  two  shillings  per  pound,  effected  a  considerable 
savmg  in  the  expense. 

Mr.  H.  Wright  observed  that  he  was  now  making  a  number  of 
waggons  with  the  India-rubber  Bearing  Springs,  in  which  a  com- 
pact and  economical  arrangement  of  the  spring  was  adopted,  i^pli- 
cable  to  the  ordinary  construction  of  waggon  frames.  A  specimen 
of  the  spring  and  axle-box  was  exhibited  to  the  meeting. 

The  Chairman  asked  whether  it  had  been  found  that  an  aetoal 
saving  in  oil  or  grease  was  effected  by  the  use  of  the  India-rubber 
Springs  ? 

Mr.  Craig  said  that  considerable  saving  in  this  respect  bad 
been  observed,  but  he  was  not  able  to  give  the  exact  results,  and  he 
would  make  a  comparative  trial  for  the  pmrpose  of  ascertaining  it; 
he  considered  that  the  removal  of  the  harsh  jerks  that  occurred 
with  the  rigid  steel  springs  prevented  waste,  and  caused  the  lubri- 
cation to  be  more  perfect. 

The  Chairman  observed,  that  he  hoped  Mr.  Craig  would  con- 
tinue his  experiments  on  the  application  of  India-rubber  to  Springs, 
and  report  the  result  at  a  future  meeting ;  he  proposed  a  vote  of 
thanks  to  Mr.  Craig  for  his  Paper,  which  was  passed. 
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The  following,  by  Mr.  W.  Bridges  Adams,  of  London,  was  then 
read  : — 

ON  KATLWAY  AXLE  LUBRICATION. 

In  the  economy  of  railway  transit  an  idea  has  prevailed  that  in- 
crease of  speed  increases  cost  in  a  compound  proportion,  in  many  other 
things  than  the  mere  excess  of  fuel  consumed  in  the  locomotive.  This 
is  correct  only  in  reference  to  imperfect  appliances.  If,  for  example, 
the  rails  deflect  beneath  the  rolling  loads,  the  substructure  will  be  dis- 
placed, and  increased  speed  will  greatly  increase  the  displacement.  If 
the  wheel  peripheries  be  out  of  order,  the  greater  the  speed  the  greater 
will  be  the  destruction  ;  and  so  also  if  the  rail  surfaces  or  joints  be  out 
of  order.  And  in  proportion  as  the  springs  are  inefficient,  x,e.,  are 
non-elastic,  or  do  not  act  through  sufficient  space  to  moderate  the 
shocks,  so  will  the  destructive  wear  be  increased  by  increased  speed. 
But  were  all  parts  of  ther  system — ballast,  sleepers,  rails,  wheels,  axles, 
journals,  bearings,  lubrication,  and  springs — rendered  as  perfect  as  is 
within  the  scope  of  mechanical  art,  there  seems  to  be  no  reason  why 
increased  speed  should  involve  any  extra  cost  beyond  the  increased 
consumption  of  fuel,  oil,  and  grease,  provided  all  parts  of  the  system 
be  proportioned  to  each  other. 

In  increasing  speed  with  imperfect  mechanical  arrangements,  one 
of  the  most  prominent  difficulties  occurs  in  preventing  axles  and  axle- 
boxes  from  heating ;  the  cause  of  the  heating  is  in  the  imperfect  lubri- 
cation. The  word  lubrication  literally  signifies  slipperiness,  but 
this  does  not  express  the  precise  action.  Oil,  or  grease,  or  soap, 
interposed  between  two.  metallic  bodies  moving  one  upon  the  other,  is 
composed  of  a  series  of  small  globules,  which  keep  the  bodies  separated, 
and  serve  as  rollers.  The  surfaces  of  metallic  bodies,  however  ap- 
parently smooth,  are  composed  of  salient  and  re-entrant  angles  of 
larger  or  smaller  size,  according  as  the  metal  is  hard  and  polished,  or 
soft  and  rough.  Therefore  the  more  imperfect  the  structure  of  an  axle 
and  bearing,  the  more  viscid  must  be  the  lubricating  material  to  keep 
them  from  contact.  If  the  cushion  of  lubricating  material  be  insuffi- 
cient in  extent,  contact  ensues  between  the  salient  angles  of  the  metal, 
and  beating  takes  place  to  such  an  extent  as  to  boil  away  the  lubricat- 
ing material  and  drive  it  oflf. 
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In  calcakting  the  sar&oe  bearing  of  axles,  there  are  two  dicom- 
stances  to  consider.  First,  the  actual  weight  to  be  home ;  and,  w- 
condlj,  the  amount  of  concussion  adding  to  the  effect  of  the  vd^ 
which  latter  will  much  depend  on  the  efficiency  of  the  springs  to 
moderate  the  effect  of  the  shock. 

Before  the  advent  of  railwajs,  mail  coaches  and  private  carriages, 
with  a  maacimnm  weight  of  3  tons,  were  constructed  with  axles  case- 
hardened,  and  with  a  bearing  surfitce  on  each  arm  equivalent  to  30 
square  inches.  This  is  equivalent  to  about  56  lbs.  per  aquaxe  inohoa 
the  bearing. 

Mr.  Nicholas  Wood,  in  his  experiments  on  axle  friction,  fimnd  that 
with  the  best  oil  and  with  favourable  drcumstanoes,  a  superincumbeot 
weight  Qf  90  lbs.  per  square  inch  gave  the  minimum  of  friction. 

Some  of  the  earliest  railway  axle-bearings  were  4  inches  in  length 
by  2^  in  diameter,  something  under  14  inches  of  total  bearing  snifKei 
fitted  according  to  Mj.  Wood's  calculations,  only  for  a  waggon  of  3  tans 
total  weight  It'would  seem  as  though  these  sizes  had  been  calculatad 
from  the  fixed  shafting  of  £Eustories,  without  any  calculation  of  oodcbb- 
sion.  Probably  this  was  the  reason  why  viscid  soap  was  substituted  br 
fluid  oil,  increasing  the  toughness  of  the  material  used  for  lubrioatioD 
to  make  up  for  the  want  of  bearing  surface.  In  railway  pnctice  it  i> 
found  that  the  soap  or  grease  which  serves  well  in  the  winter,  is  too 
fluid  in  the  summer,  a  sure  proof  that  the  bearing  surface  is  far  too 
small  for  any  lubrication  with  oil,  which  offers  the  minimum  amouot  cl 
friction.  A  strong  objection  to  soap  lubrication  is,  that  it  requires  i 
considerable  amount  of  friction  in  the  winter  time  to  make  it  fluid ; 
and  it  is  sometimes  difficult  to  start  a  train  into  motion  when  the  grease 
has  been  frozen. 

In  the  wheels  of  highway  carriages,  the  oil  chambers  are  contained 
within  the  itheels,  and  revolve  with  them,  which  process  invQlves  the 
efficient  lubrication  of  the  axle.  In  the  axle-boxes  of  railway  carrisgsi 
the  grease  or  oil  does  not  revolve.  In  the  highway  wheels,  the  oil 
always  has  a  tendency  to  rest  in  the  well  or  magazine  bebw  the  lerel 
of  the  axle.  In  the  ordinaiy  axle-boxes  of  railway  carriages  t};e  greue 
or  oil  is  above  the  level  of  the  axl^,  and  as  the  axle  revolves,  the  oil  or 
grease,  or  rather  the  grease  (oil  not  being  used,  except  in  engines) 
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passes  through  a  hole  or  holes  in  the  bearing  brass,  which  lies  on  the 
upper  half  of  the  axle  ;  and  thus  the  process  is  like  that  of  a  hand- 
mill,  the  lubricating  material  is  supplied  on  the  upper  surface  of  the 
axle,  and  passes  awaj  at  the  lower  like  grist.  To  make  the  lubrication 
more  certain,  the  holes  are  of  large  size,  and  this  involves  an  evil  by 
diminishing  the  bearing  surface  at  the  most  important  point.  If  these 
holes  get  stopped,  the  lubrication  ceases  and  heating  ensues  ;  and  there 
are  no  means  to  remedy  the  evil,  save  by  lifting  the  bearing  from  the 
axle  and  inserting  more  grease. 

Thus,  in  the  ordinary  railway  grease-box,  there  is  not  only  a  great 
waste  of  grease,  but  also  a  very  imperfect  mode  of  securing  lubrication. 
The  well-made,  case-hardened  axles  of  a  common  road  carriage  are 
capable  of  running  6000  miles  over  a  bad  road  with  once  oiling,  with  a 
small  quantity  of  oil,  while  railway  axles  require  greasing  every  100 
miles  or  less,  with  some  few  exceptions. 

Impressed  with  these  imperfections,  the  writer  some  years  back 
began  to  consider  the  best  means  of  remedying  them.  It  was  evident 
that  the  only  mode  of  applying  grease  or  oil  to  a  large  surface  of  the 
axle-bearing  was  at  the  under  side.  In  the  common  mode  of  an 
open  bottom,  this  was  scarcely  practicable,  and  the  question  was,  could 
the  bottom  be  effectually  closed  without  so  confining  the  axle  as  to 
make  partial  heating  dangerous.  This  was  accomplished  by  applying  a 
flexible  connection  between  the  axle  and  the  inner  side  of  the  axle-box, 
and  making  the  bottom  of  the  box  tight  In  this  mode,  the  grease  fill- 
ing the  lower  part  of  the  box,  the  whole  under  surface  of  the  axle  was 
bathed  in  it,  while  all  dirt  and  grit  were  excluded.  Moreover,  the  grease 
being  as  it  were  in  a  well  below  the  axle,  any  accidental  extraneous 
matters  could  sink  to  the  bottom,  and  not  be  brought  in  contact  vrith 
the  wearing  surface.  And  supposing  the  upper  holes  to  be  entirely 
stopped,  lubrication  would  go  on  notwithstanding.  It  must  be  evident 
that  feeding  from  above  in  all  cases  involves  the  chance  of  dirt  getting 
to  the  axle,  which  feeding  from  below  obviates. 

To  provide  against  accidental  injury  to  the  axle-bearings,  the  writer 
provided  also  for  a  mode  of  shrinking  on  a  false  bearing  upon  the 
axle  arm,  so  that  in  case  of  cutting  it  might  be  removed  and  replaced. 
The  following  is  a  description  of  the  axle-box  invented  and  patented  by 
the  writer,  in  May,  1847,  which  is  shown  in  the  accompanying  draw- 
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Fig.  1 ,  Plate  1 1 ,  is  a  longitudinal  section,  and  Fig.  2  a  transTerse 
section,  of  the  axle-boxes  employed  on  the  North  Kent  line.  The  top 
of  the  box  is  circular  for  a  peculiar  arrangement  of  springs ;  the  box 
is  cast  open-fronted  with  a  moveable  front  A  to  attach  by  screws,  a 
grease-tight  joint  being  maintained  by  an  elastic  substance  between. 
In  this  mode  the  interior  of  the  box  can  be  inspected,  and  a  new 
brass  applied,  without  lifting  the  carriage.  The  back  of  the  box  roood 
the  axle  is  cast  with  a  round-edged  projecting  lip  BB.  A  plate  of 
metal  CC,  with  a  centre  hole  fitting  the  axle,  is  secured  by  bolts  to  the 
back  of  the  box,  with  a  piece  of  leather  DD,  the  orifice  of  which  is 
enlarged  into  a  partial  pipe  form  round  the  axle,  to  give  increased 
bearing  surface.  This  leather  presses  equally  on  the  axle  and  on  the 
lip  of  the  box,  and  thus  a  tight  joint  is  maintained,  which  preserves 
the  grease  without  overflowing  above  the  level  of  the  bottom  of  the 
axle.  The  bolt-holes  in  the  metal  plate  are  oblong  vertically,  so  that 
when  the  upper  bearing  brass  wears  and  causes  a  corresponding  wear 
in  the  plate  and  leather,  and  a  consequent  leak  below,  the  two  latter 
may  be  drawn  upward  to  fit  the  lower  part  of  the  axle.  At  the  top 
of  the  box  there  is  a  screw  tap  E  for  feeding,  with  holes  through  it 
to  admit  the  ingress  and  egress  of  air.  This  tap  serves  to  feed  an 
upper  chamber  F,  with  holes  to  the  axle  as  usual,  and  also  to  feed  the 
lower  chamber  G,  which  in  addition  catches  the  grease  that  falls 
through  from  the  upper  chamber  by  the  working  of  the  axle.  A 
piece  of  hard  wood  H  is  applied  between  the  end  of  the  axle  and 
the  front  of  the  box,  to  prevent  wear  of  the  shoulder  collar  of  the 
bearing  brass.  Two  rollers  of  light  wood,  I  J,  float  on  the  oil  or  grease 
in  contact  witli  the  lower  side  of  the  axle,  and  thus  carry  up  the  hbri* 
eating  material  if  it  happens  to  be  below  the  level  of  the  axle. 

Figs  8  and  4  are  a  longitudinal  section  and  back  view  of  an  axle 
and  axle-box,  also  for  an  upper  and  lower  feed.  To  retain  the  grease 
or  oil,  a  conical  metal  spring  CG  is  inserted  in  a  corresponding  circular 
groove  at  the  back  of  the  box ;  by  its  elastic  expansion  it  presses 
against  a  strip  of  leather  lining  the  grooee,  and  thus  forms  a  tight  joint. 
The  small  end  of  the  conical  spring  clips  a  leather  pipe-collar  DD, 
fitted  on  the  axle,  which  collar  may  either  revolve  with  the  axle  in  the 
small  end  of  the  spring,  or  it  may  be  fixed  to  the  spring  and  the  axle 
revolve  within  the  leather  collar ;    as  the  spring  expands  against  the 
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groove  in  the  box,  it  has  no  tendency  to  press  the  axle  or  leather  too 
tightlj,  so  as  to  cause  friction.  The  conical  spring  is  prevented  from 
turning  by  a  stud ;  the  edges  of  the  spring  overlap  each  other  to  keep 
out  dirt,  and  the  hollow  space  between  the  spring  and  the  axle  may  be 
filled  with  sponge  or  cotton  waste. 

Figs.  6  and  6,  Plate  1 2,  show  a  longitudinal  section  and  back 
view  of  an  axle-box  on  a  similar  arrangement,  in  which  a  conical 
pipe  of  blocked  leather  CG,  is  secured  to  the  box  lip  by  an  elastic 
ring  DD»  similar  to  a  key-ring,  and  clipped  to  the  axle  by  a  second 
ring  £E.  Both  the  spring  cone  and  the  leather  cone  will  by 
their  free  action  accommodate  any  irregular  movement  of  the  box,  and 
prevent  loose  wear  between  both  them,  the  metal  plate,  and  leather. 
In  all  cases  where  any  material  comes  in  contact  with  the  revolving 
axle,  .it  is  essential  that  the  surface  be  properly  smoothed,  that  the 
pressure  be  as  light  as  may  be  conrenient,  and  the  lubrication  certain. 

Fig.  5,  in  addition  to  the  axle-box  arrangement,  shows  a  mode  of 
applying  moveable  journals  to  axle-arms,  either  new  or  old.  Thus  the 
journal  AA,  may  be  forged  down  to  a  taper,  with  the  object  of  extend- 
ing the  distance  of  the  bearing  from  the  wheel,  or  of  increasing  the 
diameter  of  the  axle-bearing.  The  moveable  bearing  BB,  may  be  of 
wrougbt-iron,  or  cast-iron  well  got  up  and  case-hardened ;  and  manufac- 
turers might  be  enabled  to  supply  a  superior  class  of  axle-box  and 
bearing  cheaply.  Railway  Companies  might  thus  be  enabled,  at  com- 
paratively little  cost,  to  replace  their  axles  when  rendered  unsafe  by 
long  vibration  in  running.  The  hollow  axle,  shown  at  Figs.  7  and 
B,  would  be  well  adapted  to  this  arrangement. 

Great  numbers  of  these  boxes,  with  leather  collars,  have  been  ap- 
plied, and  have  been  found  to  answer  the  desired  purpose. 

It  should  be  remarked  that  it  is  desirable  in  all  cases  to  get  the 
axle-bearings  as  long  as  is  convenient,  even  when  not  required  for 
bearing  surface,  for  the  following  reasons  : — The  points  of  the  springs 
which  support  the  frames  are  at  a  considerable  elevation  above  the  axle- 
bearing,  and  act  mth  mischievous  leverage  to  tilt  the  axle-boxes  laterally 
to  the  carriage,  when  the  wheel  flanges  strike  the  rail.  It  is  evident 
that  unless  there  be  some  proportion  in  the  length  of  bearing  to  the 
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height  of  the  spring,  there  will  be  a  great  strain  upon  the  guards  of  ibe 
axle-boxes  to  keep  them  steady. 

The  axle  box  described  aboye  is  the  first  application  of  the  principle 
of  retaining  the  grease  or  oil,  bj  closing  in  the  back  of  the  box. 

Since  the  abore  described,  similar  contrivances  have  been  broogbt 
out  by  various  other  parties  for  the  purpose  of  retaining  the  grease  in 
the  axle-boxes,  but  it  appears  that  the  original  application  of  the  prin 
ciple  was  that  of  the  writer,  in  May,  1847  ;  and  there  does  not  appear 
to  be  any  material  variation  in  any  of  the  subsequent  plans. 

As  to  the  practical  mechanism  for  keeping  out  dirt  and  preserv- 
ing the  bath  of  grease,  it  must  vary  with  circumstances.  Many  asle- 
boxes  are  so  close  to  the  wheel  bosses,  that  the  leather  pipe  collar  is 
the  only  practicable  arrangement,  and  having  come  into  general  use,  it  is 
difficult  to  vary,  but  the  writer  prefers  the  elastic  metal  collars.  CC\ 
shown  in  Figs.  8  and  7,  pressing  upon  leather  pipe-collars  DD 

The  object  sought  is  to  form  a  tight  joint  between  the  box  and  the 
axle,  which  are  both  exposed  to  rough  jolts  and  a  tilting  movement  of 
the  box  on  the  axle ;  therefore  the  medium  to  form  the  joint  should  be 
flexible,  and  not  liable  to  be  put  out  of  order. 

The  mode  of  lubrication  from  above  the  bearing  has  one  objectioiL 
in  the  liability  to  accident  by  dirt  getting  on  the  arm,  and  from  the  boles 
wasting  a  most  important  part  of  the  bearing  surface  ;  but  the  writer 
thinks  it  preferable  to  retain  it,  keeping  the  holes  small,  but  merely  as 
a  security  in  case  of  any  accident  happening  to  the  lower  reservoir. 

Two  forms  of  journal  are  shown  in  the  diagrams ;  one  the  doable 
cone,  Figs.  5  and  7,  the  other  the  ordinary  cylindrical  journal  with 
collars,  I  jgs.  1  and  3.  There  is  an  advantage  in  the  double  cone  with 
the  small  diameter  in  the  centre  of  the  bearing,  that  it  has  a  tendeocr 
to  cause  the  lubricating  fluid  to  press  outwards  from  the  centre  while  in 
rapid  motion.  The  cylindrical  bearing  between  collars  has  also 
this  disadvantage,  that  the  box  is  not  kept  in  its  position  by  graritr, 
but  by  a  very  small  collar  surface,  which  beipg  vertical  does  not 
retain  the  lubricating  fluid  so  easily  as  the  horizontal  surface :  and. 
moreover,  by  its  larger  diameter  has  a  tendency  to  throw  it  off 
by  centrifugal  action.  Where  the  boxes  fit  tightly  to  the  goards, 
the  collar-bearings  are  frequently  subject  to  rapid  wear,  and  Uterd 
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tbrust  is  more  destructive  than  the  downward  pressure  of  the  load. 
The  small  rounded  corners  next  the  collars,  intended  to  prevent 
the  "  nicking"  or  breaking  of  the  axle,  are  of  little  service  to  give 
the  box  a  centripetal  tendency.  The  cylindrical  bearing  has  the  ad- 
vantage, that  the  bearing  surface  is  not  lessened  by  end  play,  and 
with  the  axle  working  in  a  bath  of  lubricating  material,  the  collars 
will  at  all  times  be  safe  enough.  In  either  case,  of  the  cone  or  the 
cylinder,  it  is  clear  that  the  lubricating  bath  below  will  be  the  safest 
precaution  against  heating.  As  regards  the  strength  of  the  axle,  the 
coned  journal  has  the  advantage  by  its  gradual  tapering  form,  sup- 
posing an  equal  amount  of  metal  in  both  cases.  The  fitting  of  the 
wearing  brass  to  the  journal  is  a  matter  of  greater  nicety  with  the  cone 
than  with  the  cylinder ;  with  cylindrical  journals  the  usual  practice  is 
to  make  the  bearing  brass  of  considerably  larger  radius  than  the 
journal,  so  that  it  bears  on  a  very  small  surface,  which  wears  to  a 
polish,  and  gradually  extends  to  the  half  diameter.  In  point  of  fact, 
railway  bearings  are  made  to  grind  themselves  to  a  true  fit  or  work, 
instead  of  being  accurately  ground  and  fitted  beforehand,  as  is  the  case 
with  nicer  machinery. 


The  CHAniMAN  inquired  what  comparative  results  were  obtained 
as  to  consumption  of  grease  in  the  axle-boxes  tried  on  the  North 
Kent  line  ? 

Mr.  W.  B.  Adams  said  he  understood  tliat  the  axle-boxes  worked 
veiy  satisfactorily,  and  with  a  reduced  consumption  of  grease,  but 
he  was  not  able  to  give  the  results  of  the  economy,  as  an  exact 
comparison  had  not  been  made. 

The  Chairman  observed  that  there  appeared  some  diflBculty  in 
the  conical  spring  proposed,  for  the  purpose  of  making  a  close 
joint  between  the  box  and  axle,  and  inquired  whether  it  had  been 
found  to  have  sufficient  elasticity  to  work  well  ? 

Mr.  W.  B.  Adams  said  that  the  only  plan  which  had  been  prac- 
tically tried,  was  the  leather  collar  first  described ;  he  had  not  yet 
applied  the  conical  spring,  because  there  was  not  in  many  cases  space 
enough  to  get  it  in  between  the  axle-box  and  the  nave  of  the  wheel, 
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and  therefore  the  leather  collar  only  had  been  used,  which  had  tfafl 
advantage  of  taking  up  less  space  ;  but  he  thought  the  conietl 
spring  was  preferable,  and  would  make  the  most  perfect  joint»  and 
there  would  be  no  difficulty  in  adopting  it  in  modem  carriages,  is 
the  projection  of  the  aide  from  the  wheel  is  now  commonly  extended 
to  increase  the  width  of  the  bearing. 

The  Chaibham  inquired  how  the  grit  was  found  to  be  kept  out  in 
Mr.  Allan's  Sponge  Axle-Box,  that  was  described  at  the  last  meet- 
ing? 

Mr.  Allan  said  that  his  axle-box  was  designed  for  using  oil 
instead  of  grease ;  the  only  way  dust  and  grit  was  kept  out  iras  the 
proximity  of  the  nave  of  the  wheel  to  the  face  of  the  axle-box.  bnt 
it  was  found  that  the  sponge  prevented  the  grit  from  penetrating 
more  than  a  short  distance,  about  an  inch  or  an  inch  and  a  half  along 
tlie  journal,  as  shown  by  the  sponges  when  taken  out. 

Mr.  E.  A.  CowPBB  remarked,  that  it  was  an  important  desi- 
deratum to  get  a  grease-tight  joint  at  the  back  of  the  axle-box,  that 
would  effectually  keep  out  the  grit,  and  not  be  interfered  with  bj 
wear  and  the  motion  of  tlie  box ;  and  he  thought  that  such  a  joint 
had  yet  to  be  accomplished.  In  the  American  Axle-Box  described 
at  a  recent  meeting,  the  leather  flange  working  in  a  groove  on  the 
axle,  appeared  a  simple  means  for  attaining  this  object,  but  some 
elastic  provision  for  following  up  the  wear  was  also  wanted ;  this 
was  proposed  to  be  efifected  by  the  conical  spring,  though  that  plan 
might  admit  of  further  improvements,  as  there  was  generally  verr 
little  room  between  the  wheel  and  the  axle-box. 

Mr.  W.  B.  Adams  thought  that  some  good  plan  was  certainly 
much  wanted,  for  efficiently  closing  the  back  of  the  axle  box,  and 
there  was  not  such  a  one  in  use  at  present;  he  thought  the  three 
or  four  inches  space  ^ow  usually  left  between  the  nave  and  axle- 
box,  would  be  sufficient  for  the  introduction  of  the  proposed 
conical  spring. 

The  Chairman  obsei*ved,  that  it  was  a  very  important  point  to 
get  the  grit  Uioroughly  shut  out,  and  a  good  combination  might 
perhaps  be  made  of  some  of  the  plans  that  had  been  proposed  for 
the  purpose ;  any  experiments  on  lubrication  were  interfered  with 
in  the  results  by  the  entrance  of  grit. 
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Mr.  W.  B.  Adaks  remarked  the  difficulty  of  making  exactly 
parallel  experiments  on  -  the  lubrication  of  railway  axles,  from 
the  xnnmber  of  disturbing  circumstances,  in  the  variation  of  weight 
and  uniformity  of  bearing  on  the  journals,  and  in  the  attention  to 
the  lubrication,  and  the  difficulty  of  getting  the  exact  mileage. 

Mr.  Lea  suggested  the  experiments  to  be  made  at  the  same 
time  on  opposite  sides  of  the  same  carriage,  so  as  to  have  them 
under  similar  circumstances. 

The  Chaibvan  said  he  hoped  Mr.  Adams  would  pursue  the 
subject,  and  give  them  further  results ;  and  he  proposed  a  vote  of 
thanks  to  him  for  his  Paper,*which  was  passed. 


The  following  Paper,  by  Mr.  John  Lea,  of  London,  was  then 
read  : — 

ON  A  NEW  LUBRICATING  MATERIAL. 

Whilst  extensive  and  valuable  improvements  have  been  made 
in  the  construction  of  the  locomotive  stock  of  Railways,  but  little 
progress  has  been  made  in  economizing  the  cost  and  improving  the 
efficiency  of  lubricating  the  numerous  moving  parts  of  this  extensive 
property.  Since  the  first  establishment  of  Railways,  scarcely  any 
change  has  been  effected  in  the  character  of  the  materials  employed 
for  this  important  purpose  ;  oil  and  tallow  were  originally  adopted, 
and  are  still  almost  universally  employed  in  the  more  important 
department,  the  lubrication  of  locomotive  Engines,  to  which  de- 
partment the  subject  of  the  present  paper  has  more  particular 
reference.  The  more  limpid  lubricating  materials  are  wanting  in 
consistency  to  resist  pressure,  and  the  more  solid  fats  want  fluidity 
to  make  them  available  under  ordinary  temperatures.  The  varieties 
of  oil  have,  consequently,  been  at  all  times  the  common  resource  ; 
but  even  the  majority,  if  not  all  of  these  want  the  perfect  properties 
requisite  for  faultless  lubrication. 

Both  animal  and  vegetable  oils  of  every  kind  contain  native 
impurities  which  materially  qualify  their  efficiency.  Many  of  them 
contain  earthy  matter,  which  soon  becomes  converted  into  a  viscous, 
impeding,  and  exciting  substance,  of  such  consistency  that  produces 
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rapid  abrasion  of  metallic  surfaces,  and  consequently,  causes  saeh 
increase  of  temperature  as  seriously  tends  to  disintegrate  or  soften 
the  metallic  body.  All  oils  contain  more  or  less  of  wateiy  particles, 
which  produce  oxidation  of  the  necessarily  polished  surfaces  of  the 
motive  parts  of  machinery,  and  thus  gradually  wear  them  away, 
whilst  the  fluid  itself  becomes  vitiated  by  its  own  action.  As  ft 
further  characteristic,  it  may  be  observed,  that  those  oils  most  in 
repute  as  lubricants,  are  of  suchr  limpid  consistency,  that  thev 
become  inevitably  extensively  wasted  by  escapement  The  deside- 
ratum,  therefore,  for  this  important  purpose,  is  clearly,  some  agent 
which  shall  possess  all  the  necessary  properties  of  smoothness  and 
body,  with  adequate  fluidity,  and  without  the  impurities  and  other 
defective  characteristics  of  raw  oils. 


The  new  lubricating  compound  that  is  the  subject  of  the 
present  paper,  is  composed  of  carefully  refined  southern  whale  oil 
as  a  basis,  to  which  are  added  India-rubber  and  levigated  white  and 
red  leads,  to  constitute  a  kind  pf  metallic  soap,  possessing  the 
necessary  oleaginous  lubricating  property,  adequate  fluidity,  and  a 
body  impenetrable  by  the  pressure  upon  ordinary  bearings.  The 
oil  is  heated  to  from  400**  to  500**  Fahr.,  and  India-rubber  cut  up 
fine  is  then  added,  to  tlie  amount  that  the  oil  will  dissolve,  less 
than  501bs.  per  ton  of  oil  being  sufficient ;  after  the  oil  has  become 
completely  saturated  with  Uie  India-rubber,  the  temperature  is  con- 
siderably reduced,  and  equal  proportions  of  finely  powdered  red 
and  white  lead  are  added,  at  the  rate  of  about  251bs.  of  each  per 
ton  of  oil. 

The  mineral  ingredients  perform  the  office  of  "vulcanizing*' 
the  compound,  and  presenting  in  use,  a  microscopic  non-conduct- 
ing stratum  of  separation  of  the  bearings,  which  precludes  friction, 
and  consequently,  heating  and  dissipation.  In  using  the  term 
"  vulcanizing  "  it  is  intended  to  express  the  property  of  resisting 
any  material  change  of  consistency  through  any  ordinary  range  of 
temperature,  and  it  is  found  that  the  consistency  of  this  compound 
does  not  observably  alter  through  the  extreme  range  of  our 
Knglish  climate. 
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If  there  be  no  metallic  contact  between  two  surfaces,  there  can  be 
no  friction  between  them,  and  consequently,  no  elevation  of  tem- 
perature ;  and  in  the  absence  of  undue  heat  there  will  be  no  excessive 
dissipation  of  the  lubricating  material,  by  volatilization.  In  the  expe- 
riments made  with  this  compound,  it  has  been  found  that  no  pressure 
of  bearing,  or  extreme  of  velocity,  ever  penetrated  its  substance,  or 
produced  any  perceptible  rise  of  temperature,  and  though  it  is 
gelatinous  and  as  smooth  as  oil,  its  elastic  body  prevents  penetra- 
tion or  displacement  It  works  freely  with  ordinary  worsted  or 
cotton  syphons  when  the  Engines  are  in  motion,  but  ceases  to  flow 
when  they  are  stopped,  avoiding  the  waste  of  continuing  to  flow,  to 
which  limpid  oils  are  liable.  All  the  experiments  made  with  the 
new  compound  under  similar  conditions  have  resulted  uniformly, 
an  1  it  may. be  sufficient  to  quote  in  detail,  an  experiment  made  on 
the  Manchester  and  Crewe  Station  of  the  London  and  Noith 
Western  Railway.  In  this  instance  the  new  compound  was  applied 
to  one  of  the  Express  Engines,  (No.  15,)  and  another  Engine, 
(No.  8,)  of  similar  character,  and  performing  equal  daily  service, 
was  submitted  to  a  careful  comparison  with  Oil  and  Tallow.  These 
experiments  were  continued  over  many  weeks,  and  the  following 
results  were  reported  by  the  Engineer. 

It  has  to  be  observed  that  the  prices  of  oil  and  tallow  were  not 
then  materially  different  to  their  present  cost,  but  the  quoted  price 
of  the  new  compound  has  been  since  reduced  to  one  half.  The 
distance  run  by  the  Engines  in  these  experiments  was  about  2340 
miles  each,  in  the  eighteen  days  referred  to  ;  the  cost  of  oil  and 
tallow  was  found  to  be  nearly  Fourpence  per  journal,  per  1000 
miles,  whilst  that  of  the  new  compound  was  scarcely  more  than 
one  Fenny  for  the  same  work,  and  would  be  at  the  present  reduced 
cost  only  (me  Halfpenny  per  journal,  per  1000  miles.  This  new 
compound  is  considered  to  possess  lubricating  properties  much 
superior  to  those  of  any  other  natural  or  manufactured  article, 
involving,  as  it  does,  remarkable  efficiency  combined  with  economy 
of  cost ;  and  it  has  the  important  advantage  also  of  only  requiring 
to  be  supplied  at  long  intervals,  thus  preventing  almost  the  possi- 
bility of  accident  arising  from  the  e^^austion  of  the  supply  in  tlie 
course  of  any  single  journey. 

Digitized  by  VjOOQ IC 


68  NEW  LUBRICATING   MATERIAL.  . 

The  author  of  this  paper  recentlj  obtained  firom  a  number  of 
Railways  statements  of  their  average  cost  of  lubricating  locomotiTe 
engines  and  tenders,  and  the  general  result  showed  an  ayerage  cost 
of  about  one  Shilling  per  journal  per  1,000  miles,  the  range  of  cost 
being  very  limited,  as  none  exceeded  fourteen  pence  per  journal  for 
that  distance,  nor  is  any  under  eleven  pence,  including  in  all  eases 
the  lubrication  of  the  other  parts  of  the  machinery,  besides  the 
axle  journals. 


Mr.  Lea  exhibited  a  specimen  of  the  lubricating  composition, 
and  explained  that  the  India-rubber,  the  ingredient  on  which  its 
qualities  mainly  depended,  caused  the  dark  colour,  and  the  compo- 
sition was  made  of  different  -degrees  of  thickness,  to  snit  the 
different  kinds  of  bearings,  by  varying  the  proportion  of  the  red 
and  white  lead.  In  the  manufacture  of  the  composition  the  oil 
took  up  only  a  limited  portion  of  the  India-rubber,  which  was 
soaked  in  it  whilst  at  the  boiling  point :  the  red  and  white  lead 
were  then  added,  simply  in  mechanical  mixture,  and  thickened  the 
compound  to  the  degree  required.  He  mentioned  that  the  compo- 
sition had  been  patented  by  Mr.  Donlan,  in  1848,  but  had  remained 
dormant  till  the  present  time,  when  he,  Mr  Lea,  had  taken  it  up. 

The  Chairman  inquired  whether  there  was  any  tendency  to 
settlement  of  the  heavier  ingredients  in  the  composition,  and 
whether  it  was  applicable  to  the  ordinary  oil  cups,  with  syphoD 
wicks. 

Mr.  Lea  replied  that  no  settlement  was  found  to  take  place  in 
the  composition,  after  standing  for  some  months  ;  the  thinnerklnd 
flowed  as  freely  as  oil  in  the  ordinary  syphon  cups,  and  the  thicker 
kind  was  adapted  to  the  bearings  of  heavy  shafting,  and  was  found 
to  keep  them  cool  in  cases  where  water  was  otherwise  required. 

Mr.  EvERTTT  inquired  the  effect  of  cold  weather  upon  the  com- 
position, and  what  the  expense  of  it  was  ? 

Mr.  Lea  said  it  was  found  to  work  as  well  in  cold  weather  as  in 
hot :  the  cost  of  it  was  Sevenpence  or  Eightpence  per  pound,  bat 
the  proportionate  quantity  used  was  found  to  be  considerably  1^$^ 
than  of  oil  or  grease. 

The  Chairman  proposed  a  vote  of  thanks  to  Mr.  Lea  for  h\s 
communication,  which  was  passed.  ^  t 
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The  following  paper,  by  Mr.  T.  T.  Chellingworth,  was  then 
read  : — 

ON   MESSRS.  COX  AND   WILSON'S   PORTABLE    SINGLE- 
ACTING  STEAM  ENGINE. 

The  subject  of  the  present  paper  is  a  small  Portable  High- 
Pressure  Steam  Engine,  differing  from  other  engines  of  the  kind, 
mainly,  in  the  simplicity  and  economy  of  its  construction,  the 
sToall  number  of  its  parts,  and  the  consequent  diminished  liability 
to  derangement,  and  greater  durability. 

An  engine  similar  to  the  present  one  was  suggested  some  four 
years  ago,  by  Mr.  J.  W.  Wilson.^  It  consisted  of  a  solid  plunger 
working  in  an  oscillating  cylinder,  the  steam  acting  only  one  way  ; 
die  engine  was  partly  drawn  out  at  that  time,  but  no  further  steps 
were  taken,  until  the  subject  was  again  brought  forward,  recently, 
and  a  drawing  was  made  by  ihe  author,  who  introduced  the  self- 
acting  trunnion  valves,  as  being  more  simple  and  less  expensive 
than  the  slide-valve  and  gearing.  One  of  these  engines  was  made 
and  set  to  work  at  the  Oxford  Works,  in  September,  1852,  and  has 
heen  at  work  ever  since,  and  is  now  in  as  good  order  as  the  first 
day  it  was  started,  although  running  at  an  average  rate  of  150 
strokes  per  minute. 

This  engine  is  shown  in  Plates  13  and  14,  and  one  of  the 
engines  is  exhibited  on  the  table. 

Fig.  1,  Plate  13,  shows  a  side  elevation,  with  the  trunnion  in 
section. 

Fig.  3,  a  front  elevation,  with  the  cylinder  and  trunnion  in 
section. 

A  is  the  cylinder  of  cast-iron,  bored  out  its  whole  length,  the 
bottom  screwed  in,  and  the  trunnions  B  and  C  cast  on.  In  the 
trunnion  0  are  the  steam  ports,  shown  in  the  cross  section  at  D  ; 
the  steam- way  E  connects  the  ports  in  the  trunnion  with  the  bottom 
of  the  cylinder.  F  is  a  cast-iron  plunger  packed  with  hemp  and  con 
nected  to  the  crank  G ;  H  H  two  A  frames,  I  the  fly  wheel,  L 
the  steam  pipe,  K  eduction  pipe. 

In  Fig.  1,  the  engine  is  shown  taking  in  steam,  the  plunger  being 
at  half  stroke  and  the  steam- way  open;  and  in  Fig.  4,  tlie  engine  is 
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exhausting  and  the  eduction  port  open.  In  tibe  working  of  thi^ 
engine,  the  steam  forces  up  the  plunger,  the  inertia  of  the  wheel 
assisted  by  the  weight  of  the  plunger  bringing  it  down.  As  it  is 
single-acting,  the  pressure  is  always  on  the  valve,  working  in  fact 
like  an  ordinary  slide  valve,  only  on  a  curved  instead  of  a  flat 
surface. 

This  engine  has  worked  with  the  cap  of  the  trunnion  plummer- 
blocks  removed,  without  leaking. 

Fig.  5,  Plate  14,  shows  the  general  arrangement  of  the  engine  and 
boiler  fixed  on  wheels,  and  Fig.  6,  a  section  of  the  boiler.  The 
boiler  0,  is  set  in  a  cast-iron  box  with  fire  bricks,  the  fire  being 
under  the  boiler  at  P,  and  returning  through  the  two  tubes  Q  Q. 
K  is  the  water  gauge,  consisting  of  a  piece  of  tube  working  in  a 
stuffing  box  ;  a  cock  is  fixed  on  the  side  of  the  pipe  with  the  end 
turning  down  into  the  tank  S,  from  which  the  engine  draws  its 
water.  When  it  is  required  to  ascertain  the  height  of  the  water  in 
the  boiler,  this  cock  is  opened,  and  if  it  blows  steam  the  tube  is  pushed 
down  till  it  reaches  the  water,  if  water,  it  is  raised  till  it  blows 
steam,  and  the  level  of  the  water  in  the  boiler  is  indicated  by  the 
graduations  upon  the  tube,  forming  a  very  simple  and  cheap 
water  gauge. 


The  principal  advantages  claimed  for  this  engine  are,  its  sim- 
plicity of  construction,  and  consequent  cheapness,  and  the  tcit 
slight  probability  of  its  getting  out  of  order,  even  in  the  hands  of 
an  inexperienced  person,  together  with  its  compactness  and 
portability. 

Some  of  the  purposes  to  which  it  is  proposed  to  be  applied,  are 
as  follows  : — 

When  placed  with  a  boiler  on  wheels,  as  shown  in  Fig.  6,  to  be 
used  in  a  factory  where  a  number  of  machines  are  driven  by  a  largf 
engine  ;  now  if  it  is  required  to  do  some  overwork,  in  which,  as  i* 
often  the  case,  it  is  only  necessary  to  drive  one  or  perhaps  two 
lathes,  or  other  machines,  this  engine  may  with  a  very  little  trouble 
be  wheeled  up  to  its  place  and  set  to  work,  and  the  expense  of 
running  the  large  engine  and  shafting  be  saved. 
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Also,  in  repairing  the  large  engine  in  case  of  a  break-down,  a 
great  saving  of  time  will  be  effected  in  not  having  the  work 
done  out. 

For  a  donkey  engine  for  feeding  the  boiler  of  marine  and  loco- 
motive engines  ;  and  as  a  pumping  engine  for  tank  houses  at 
Hallway  Stations,  or  other  purposes.  In  this  case  it  is  proposed  to 
place  the  pump  in  a  similar  position  to  the  steam  cylinder,  but 
opposite,  on  the  other  side  of  the  frame,  and  to  work  the  pump  by 
a  crank,  the  two  cranks  being  in  opposite  directions,  so  that  the 
steam  pressure  acts  to  force  the  water. 

It  will  be  very  applicable  for  small  manufacturers  and  amateurs, 
^c,  who  may  require  a  cheap  and  simple  engine,  and  one  not 
likely  to  get  out  of  order. 

This  arrangement  of  cylinder  and  valves  does  very  well  for  a 
force  pump,  the  water  being  drawn  through  the  steam  pipe  and 
forced  out  at  the  eduction  pipe  :  in  this  case  it  is  proposed  to  make 
use  of  it  as  a  garden  engine,  or  a  small  fire  engine.     ^ 

The  governor  that  is  proposed  to  be  used  for  this  engine,  tlie 
invention  of  Mr.  Wilson,  is  shown  in  Fig.  8,  Plate  13,  and  consists 
of  a  ca&t  iron  or  brass  ball  A,  placed  in  the  steam  pipe  B  C,  which 
at  the  governing  point  is  tapered  and  curved  upwards,  as  shown  in 
the  dra\ving,  a  stop  being  fixed  at  C  to  prevent  the  ball  going  so 
high  in  the  pipe  as  to  stick  fast.  The  action  of  this  governor  is  as 
follows  :  as  the  steam  rushes  along  the  pipe  it  carries  the  ball  with 
it,  which  as  it  ascends,  decreases  the  area  that  the  steam  has  to  rush 
through,  and  the  higher  it  rises  in  the  curve,  the  greater  is  this 
contraction,  and  the  greater  must  be  the  pressure  of  the  steam  to 
counteract  the  force  of  gravity  on  the  ball.  The  governor  now 
exhibited  has  been  applied  to  the  ^  horse-power  engine  at  the  Oxford 
Works,  and  is  found  capable  of  regulating  it  so  well,  that  when  all 
the  work  is  thrown  off  it  will  not  allow  the  eugine  to  run  more 
than  about  90  revolutions  per  minute. 


Mr.  Chellingwobth  exhibited  one  of  the   Engines  of  i  horse 
power  ;  also,  the  governor  detached,  to  show  the  action.     In  answer 
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to  a  queBtion,  he  stated  that  the  cost  of  the  engine  exhibited  wu 
£10,  and  £18  complete  with  the  boiler  on  wheels,  as  sho^m  in  tha 
drawing. 

The  Chaibican  inquired  whether  the  expense  of  working  the 
engine  had  been  tried  ? 

Mr.  Wilson  said  that  the  engine  at  the  Oxford  Works  was  sap- 
plied  from  the  boiler  of  another  engine,  so  that  there  was  no  means 
of  ascertaining  the  consumption  of  fael :  the  engine  had  been 
working  constantly  for  six  months,  and  had  proved  very  usefol  and 
satisfactory. 

Mr.  E.  A.  CowPEB  observed,  that  he  had  seen  the  engine  at 
work  several  times ;  it  kept  very  fietirly  steam-tight,  and  he  con- 
sidered it  would  be  usefully  applicable  to  a  great  variety  of  purposes, 
on  account  of  its  being  a  very  cheap  construction  and  a  good  engine. 

Mr.  MiDDLETON  thought  the  engine  remarkably  cheap,  and  a 
simple  and  convenient  arrangement. 

Mr.  Ghellingwobth  remarked  that  there  were  very  few  parta  in 
the  engine,  only  about  a  dozen  separate  pieces  altogether.  The 
eng'me  was  often  worked  very  fast,  from  150  to  200  revolutions  per 
minute,  and  although  so  small,  it  was  found  very  useful.  It  bad 
drilled  a  number  of  1^  inch  holes  in  a  large  cylinder  cover,  l{ineh 
thick,  in  4^  minutes  each.  The  surface  of  the  valve  was  found  to 
wear  quite  even,  and  after  it  had  been  at  work  a  short  time  it 
appeared  burnished,  and  had  remained  so. 

The  Ghaibman  said  he  thought  it  was  a  very  ingenions  and 
simple  construction  of  engine  ;  and  though  it  did  not  admit  of  the 
economy  of  working  the  steam  expansively,  yet  the  whole  consump- 
tion could  be  only  so  small,  as  to  make  that  point  of  little  conse- 
quence, and  he  thought  it  would  be  found  very  useful  and  econo- 
mical in  many  applications.  He  proposed  a  vote  of  thanks  to 
Mr.  Chellingworth,  which  was  passed. 


A  Paper,  by  Mr.  Andrew  J.  Robertson,  of  London,  was  then 
read,  being  a  continuation  of  his  former  Paper — On  the  Mathe- 
matical Priuciples  of  the  Centrifugal  Pump. 
(Tlie  publication  of  this  Paper  has  been  unavoidably  postponed.' 

The  meeting  then  4|miinatcd. 
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After  the  meeting  a  variety  of  specimens  illustrative  of  a  new 
mode  of  ornamenting  the  surface  of  metals,  were  exhibited  by 
Mr.  R.  W.  WiNFiELD  and  Mr.  R.  F.  Stubges,  of  Birmingham ;  the 
process  of  the  ornamentation  being  very  simple,  and  consisting  in 
placing  a  sheet  of  perforated  metal  or  paper,  thread  lace,  net,  &c., 
between  the  two  plates  of  metal  to  be  ornamented,  and  then  passing 
the  whole  through  a  pair  of  ordinary  rolls,  such  as  are  employed 
for  rolling  metal ;  this  produces  a  very  clear,  sharp,  and  even  deep 
impression  of  the  pattern  employed  upon  the  sheets  of  metal  which 
it  is  desired  to  ornament.  The  depth  of  the  indentation  is  such 
that  the  metal  so  ornamented  can  be  subjected  to  the  various  opera- 
tions of  stamping,  spinning,  Ac,  for  producing  the  manufactured 
article  in  its  complete  form,  without  any  injury  to  the  pattern; 
specimens  of  sheet  steel  were  shown  which  had  been  ornamented 
with  ordinary  thread  lace,  and  the  delicate  skeletons  of  leaves  had 
left  tfn  impression  on  the  surface  of  a  copper-plate,  from  which 
engravings  had  been  printed  in  the  manner  of  the  ordinary  copper- 
plate printing,  copies  of  which  were  exhibited. 

Messrs.  Salt  and  Llotd,  of  Birmingham,  also  exhibited  speci- 
mens of  a  new  process  for  raising  or  stamping  vessels,  &c.,  formed 
from  sheets  of  iron,  tin,  brass,  &c.,  by  which  greater  economy  and 
rapidity  are  obtained  than  by  the  ordinary  process.  A  heavy  ram  of 
H  tons  weight  i^  raised  by  steam  power  a  short  distance  of  about  a 
foot  between  guides,  having  the  convex  die  attached  to  the  under 
side  of  the  ram,  and  the  concave  die  or  matrix  is  secured  to  the 
bottom  of  the  frame  as  in  ordinary  stamping ;  the  edges  of  the  flat 
metal  plate  to  be  raised  or  stamped  are  then  forcibly  held  down 
upon  the  matrix  by  a  metal  ring  pressed  down  by  eccentrics,  whilst 
the  blow  is  struck  by  the  ram  falling  and  driving  the  die  through 
the  ring  into  the  matrix,  which  it  fits  accurately,  the  pressure  of  th^ 
ring  on  the  edges  of  the  metal  plate  being  so  adjusted  as  to  allow 
the  plate  to  draw  uniformly  into  the  required  form  without  the  edges 
becoming  puckered  ;  the  metal  is  stamped  cold. 
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PROCEEDINGS. 

Jdi.y  27,  1853. 

The  General  Meeting  of  the  Members  was  held  at  the  house 
of  the  Institution,  Newhall  Street,  Birmingham,  on  Wednesday, 
July  27,  1853,  Samuel  H.  Blackwell,  Esq.,  in  the  Chair. 

The  Minutes  of  the  last  General  Meeting  were  read  and  con- 
firmed. 

The  Ballot-papers  were  opened,  and  the  following  new  Members 
were  declared  to  be  duly  elected : — 

members. 

Ralph  Brown,  Wednesbury. 
Samuel  Thomas  Cooper,  Leeds. 
James  J.  Headly,  Cambridge. 
Georoe  Haden  Htckman,  Biiston. 
Henry  Maudslay,  London. 


The  following  Paper,  by  Mr.  C.  William  Siemens,  of  London, 
was  then  read: — 


ON  AN  IMPROVED  GOVERNOR  FOR  STEAM  ENGINES. 

The  governor  of  a  steam  engine  has  for  its  function  to  administer 
the  supply  of  steam  to  the  working  cylinder  in  the  ratio  of  the 
changeable  load  against  the  piston,  the  purpose  of  which  is  to 
obtain  an  uniform  velocity  in  the  engine.  If  it  is  the  duty  of  the 
engine  to  impart  motion  to  manufacturing  machinery,  the  greatest 
possible  regularity  of  motion  is  a  desideratum  of  first  import- 
ance, for  it  enables  the  manufacturer  to  work  his  machines  at  the 
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highest  speed  consistent  with  safety,  and  produce  the  largest  quan- 
tity and  a  uniform  quality  of  goods ;  it  saves  in  personal  attend- 
ance upon  the  machines ;  and,  lastly,  it  increases  the  durability  of 
the  entire  mechanism  employed  by  preventing  back-lashes  and 
jerks. 

The  common  (Watt*s  centrifugal)  governor  is  notoriously  imper- 
fect in  its  action,  being  defective  in  principle  in  two  respects. 

1  st — It  cannot  regulate^  but  only  moderates  the  velocity  of  the 
engine:  that  is,  it  cannot  prevent  a  permanent  change  in  the 
velocity  of  the  engine  when  a  permanent  change  is  made  in  the 
load  upon  the  engine,  and  it  can  only  moderaU  the  extent  of  perma- 
nent change  in  velocity,  because  its  influence  upon  the  throttle  valve 
depends  on  a  change  in  the  angular  position  of  its  weighted  levers 
or  pendulums,  which  change  can  only  be  effected  by  a  permanent 
increase  or  decrease  of  the  engine's  velocity.     And, 

2nd — It  cannot  commence  to  act  upon  the  valve  until  after  the 
engine  has  undergone  already  a  considerable  change  in  its  velocity, 
for  at  the  instant  when  a  portion  of  the  duty  is  Uirown  on  or  off, 
the  weighted  levers  are  still  in  a  state  of  equilibrium,  and  it  is  only 
by  an  accumulation  of  the  fault,  that  they  acquire  a  power  to  ove^ 
come  the  friction  of  the  valve ;  to  check  the  effect  of  the  loss  of 
time  before  tlie  Governor  begins  to  act  on  the  engine,  it  then  moves 
the  valve  to  the  opposite  extreme,  and  a  series  of  fluctuations  will 
follow  before  the  engine  can  recover  a  steady  velocity. 

Fig.  I,  Plate  16,  illustrates  these  defects  in  Watt's  Govenor. 
The  dotted  lines  A  A  indicate  the  two  extreme  positions  of  the 
weighted  levers  in  regular  working,  the  one  being  at  an  angle  of  25*. 
and  the  other  of  35**  from  the  axis.  The  corresponding  extremes 
of  velocity  are  inversely  as  v'cos.  26'  to  Vcos.  35'',  or  as  906  to  962. 
The  regular  speed  of  the  engine  will,  therefore,  undergo  a  peri- 
odical change  of  5^  per  cent.  This  is  supposing  that  the  pendolams 
are  suspended  from  a  point  in  the  axis  of  rotation ;  but  if,  as  is 
mo^  frequently  the  case,  they  are  suspended  from  points  B  B, 
removed  some  distance  laterally  from  the  axis,  the  change  of  speed 
will  be  nearly  doubled,  the  length  of  pendulum  being  thos 
altered  by  the  distance  C  C.  The  fluctuations  which  follow  a 
sudden  change  of  load  will,  however,  far  oxceed  those  limits.    Let 
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it  be  imagined  that  the  engine  is  working  at  its  medium  speed,  and 
that  the  Governor  halls  are  revolving  in  equilibrium.  Suppose  a 
string  to  be  tied  between  the  two  balls  A  A,  of  tensile  strength 
equal  to  the  resistance  to  the  motion  of  the  throttle  valve.  Let  a 
portion  of  the  load  be  thrown  off  the  engine,  and  the  velocity  of  its 
fij'wheel  and  of  the  Governor  balls  will  gradually  increase ;  but  no 
alteration  in  the  angular  position  of  the  balls  can  take  place  until 
their  increase  of  centrifugal  force  suffices  to  break  the  string.  The 
velocity  will  at  this  moment  be  proportionate  to  a  much  higher 
position  of  the  levers  than  the  adjustment  of  the  valve  D  requires ; 
they  will,  however,  ascend  into  that  position,  jand  remain  until  the 
velocity  of  the  engine  has  dropped  sufficiently  below  its  proper 
speed  to  accumulate  acting  power  in  the  Governor  in  the  opposite 
direction. 

In  practice,  the  defects  of  the  Governor  are  ameliorated  by  per- 
sonal attendance  to  the  engine  at  such  times  when  considerable 
changes  in  its  load  are  expected  to  take  place.  In  cotton  and  flour 
mills,  for  instance,  the  attendant  on  the  engine  is  always  forewarned 
of  such  changes  by  a  bell,  and  effects  the  adjustment  of  the  valve 
by  hand. 

Since  the  time  of  Watt,  many  attempts  have  been  made  to  pro- 
duce a  more  perfect  Governor.  Amongst  them  the  Governor  of 
Hick  is  the  most  remarkable,  the  regulating  power  cf  which  depends 
on  the  rapidly  increasing  resistance,  at  increasing  speeds,  of  the 
atmospheric  air  against  rotating  wings. 

Fig.  2  and  8,  Plate  1 6,  is  a  diagram  of  this  Governor.  The  two 
wings  A  A,  are  mounted  upon  a  heavy  boss  B,  containing  a  female 
screw,  which  is  made  to  slide  freely  upon  the  threads  of  an  upright 
male  screw  C  ;  rotating  motion  being  impai'ted  to  the  latter  by  the 
engine,  the  wings  will  partake  of  the  same  until  the  resistance  of 
the  atmosphere  against  them  equals  the  tendency  of  their  entire 
i^eight  to  slide  down  upon  the  inclined  threads  of  the  screwr  If 
the  engine  exceeds  Uiat  velocity,  the  wings  will  rise  and  thereby 
shut  the  valve  D,  and  vice  versa. 

It  is  apparent  that  it  makes  no  difference  to  the  speed  of  the 
wings,  and  consequently  of  the  engine,  whether  the  former  are  in 
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a  more  or  less  elevated  position,  and  it  follows,  therefore,  that  this 
Governor  is  free  from  the  first-named  objection  to  Watt's  Governor. 
It  partakes,  however,  of  the  second,  inasmuch  as  the  resistance 
of  the  atmosphere  is  generally  in  equilibrium  with  the  weight  upon 
the  inclined  planes  of  the  screw,  and  before  either  the  one  or  the 
other  can  preponderate  sufficiently  to  overcome  the  resistance  of  the 
throttle  valve,  it  is  necessary  that  the  en^ne  must  have  deviated 
sensibly  from  its  regular  speed. 

Fig.  4,  Plate  16,  is  another  variety  of  ^Ir.  Hick's  Governor, 
which  is  remarkable  for  its  simplicity  and  sensitiveness,  although 
evidently  less  powerful  than  the  former.  The  wings  A  A,  are  in 
this  case  made  to  revolve  by  the  preponderance  of  one  loose  weight 
£,  over  another  C,  the  engine  being  constantly  at  work  on  the  shaft 
F  to  raise  the  heavier  weight  B,  turning  a  second  fixed  pulley  E ; 
either  of  the  loose  weights  is  connected  to  the  throttle-valve  spindle 
D,  80  that  the  tendency  of  the  heavier  weight  is  to  open  the  valve, 
while  the  engine  is  ever  busy  to  close  it. 

Another  variety  of  Hick's  Governor  was  proposed  a  few  years 
since,  in  which  the  wings  themselves  were  shaped  like  portions  of 
screws,  and  being  free  to  slide  upon  straight  keys  on  the  driving 
shaft,  were  required  to  balance  their  weight  by  rotating  under  water, 
and  so  constantly  tending  to  screw  themselves  upwards  in  the 
water. 

The  Pneumatic,  or  Cataract  Governors,  are  a  distinct  group,  of 
which  a  great  variety  have  been  proposed  fi-om  time  to  time.  The 
earliest  is  the  cataract  of  the  Cornish  engine,  by  Watt.  Heinricks 
bellows  Governor,  Lariviere's  and  Pitchard's  Hydraulic  Governors, 
are  other  vaiieties,  which,  differing  only  in  details,  are  represented 
by  one  diagram.  Fig.  2,  Plate  15.  Thfe  pump  A,  is  worked  by  the 
engine  to  force  water  or  air  below  tlie  weighted  piston  B,  of  a 
second  cylinder  or  cataract,  from  whence  it  again  escapes  through 
a  conti-acted  aperture  C,  in  a  uniform  stream.  If  the  engine  pumps 
more  water  than  is  discharged  by  that  aperture,  tlie  weighted  piston 
will  rise  and  close  the  throttle  valve  D  by  the  lever  E  ;  if,  on  the 
other  hand,  it  pumps  less  than  the  discharge  amounts  to,  tlie 
weighted  piston  will  sink  and  open  the  valve  Abstracting  the 
diflerences  in  the  height  of  water  column  above  the  discharge  pip**. 
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and  the  friction  of  piston,  the  Hydraulic  Governor  would  be  capable 
of  effecting  the  complete  adjustment  of  the  valve.  It  may  moreover 
be  made  sufficiently  sensitive  for  ordinary  purposes  by  adopting  a 
comparatively  large  supply  pump.  It  is,  however,  very  liable  to 
derangement,  owing  to  the  valves  and  pistons  employed,  which,  if 
they  become  leaky  or  stiff,  will  greatly  affect  the  speed  of  the 
engine,  and  necessitate  frequent  re-adjustment  of  the  discharge 
orifice,  according  to  the  judgment  of  the  attendant. 


Plate  17,  represents  the  "  Chronometric  Governor,"  which  is 
dissimilar  in  principle  to  any  above  referred  to.  It  is  the  joint 
invention  of  the  author  s  brother,  Werner  Siemens,  and  himself, 
and  has  been  applied  to  a  considerable  number  of  engines  since 
the  year  1846. 

Plate  1 8.  shows  a  subsequent  modification  of  the  Chronometric 
Governor,  having  the  advantage  of  greater  simplicity  and  strength 
over  the  former  :  the  latter  it  is  the  principal  object  of  the  present 
Paper  to  place  before  the  Members. 

The  Original  Chronometric  Governor,  Plate  17,  consists  of  two 
essential  parts,  namely,  the  Chronometer  A  B,  and  the  Differential 
motion  C  D  E,  between  the  chronometer  and  the  engine,  by  which 
the  effect  upon  the  valve  is  produced. 

The  differential  irotion  is  obtained  by  means  of  three  bevil 
wheels,  one  of  which  E,  is  turned  by  the  engine,  the  opposite  one 
C,  by  the  chronometer  in  the  opposite  direction,  and  the  remaining 
one  D,  is  geared  into  both,  and  is  at  liberty  not  only  to  revolve 
upon  its  axis,  but  also  to  follow  bodily  the  motion  of  either  the 
first  or  second  wheel  by  changing  its  angular  position,  and  thereby 
tlie  position  of  the  valve. 

The  Clu-onometer  is  required  to  possess  the  following  pro- 
perties : — 

1st. — To  measure  the  time  by  a  continuity  of  motion,  unlike 
the  vibrating  pendulum,  which,  as  it  were,  deals  it  out  in  periods  of 
seconds  or  other  units. 

^ndly. — To  possess  considerable  momentum,  or  instantaneous 
power  to  overcome  resistance,  in  acting  upon  the  valve. 
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of  the  upper  and  lower  wheels,  exerts  a  constant  power,  tending  to 
accelerate  the  pendulum;  while  the  engine,  by  moving  the  re- 
maining wheel  in  the  opposite  direction,  produces  the  effect  of 
constantly  lifting  the  weight  by  the  rod  G. 

It  will  be  perceived  that  the  Ghronometric  Governor  fulfils  the 
two  conditions  which  are  essential  to  obtain  the  perfect  and  instan- 
taneous adjustment  of  the  valve  of  an  engine ;  namely,  its  speed  is 
not  in  the  least  affected  by  the  position  of  the  valve  (or  the  load 
upon  the  engine),  and  in  distinction  to  all  other  known  Governors, 
its  action  is  simultaneous  with  the  occurrence  of  a  change  in  the 
load  of  the  engine,  its  differential  motion  being  indeed  the  most 
delicate  test  which  could  be  applied  to  detect  practically  impercep- 
tible irregularities  in  the  speed  of  the  engine.    If  a  considerable 
portion  of   load  were    suddenly    thrown  off  an  engine,   the  fly* 
wheel  would  gradually  acquire  an  increased  velocity,  but  since  only 
about  1-fOth  of  a  revolution  in  the  advance  of  the  uniform  motion 
would  suffice  to  shut  the  valve  entirely,  the  adjustment  of  the  same 
is  effected  before  a  sensible  fault  can  occur.     This  result  is  corro- 
borated by  numerous  experiments,  the  entire  load  of  engines  having 
frequently  been  thrown  off  without  being  perceived  in  the  engine- 
house. 

The  Ghronometric  Governor  has  been  applied  to  a  considerable 
number  of  engines,  where  the  difficulty  of  obtaining  sufficient 
regularity  was  very  great;  such  as  flour  mills,  oil»  and  saw  mills,  &c» ; 
in  some  cases  it  has  now  been  at  work  night  and  day  for  upwards 
of  seven  years,  and  continues  to  give  satisfaction ;  in  others  it  has 
been  less  successful,  for  want  of  that  degree  of  care  and  attention 
which  delicate  mechanism  requires.  Its  principle  has  been  put  to 
the  utmost  test  by  the  Astronomer  Boyal,  who  has  applied  it  to 
regulate  the  motion  of  the  great  transit  instrument  at  Liverpool 
(which  is  moved  by  water  power),  and  to  an  instrument  recording 
by  touch,  and  it  has  obtained  uniformity  of  motion  within  one  or 
two  seconds  per  hour. 

The  delicacy,  and  more  particularly  the  expense  of  the  Ghrono- 
metric Governor,  have  been  serious  impediments  to  its  more 
general  introduction,  and  it  is  with  a  view  to  remove  these  that  the 
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new  arrangement,  as  shown  in  Plate  18,  is  proposed.  The  differ- 
ential motion  of  this  Governor  is  quite  similar  to  that  of  the  former 
arrangement,  being  only  strengthened  by  the  addition  of  a  second 
differential  wheel  F.  The  principal  change  is  in  the  Clironometer. 
which  consists  of  a  fly-wheel  A  A,  in  four  segments,  which  are  sepa 
rately  suspended  from  the  lower  bevil  wheel  at  B  B,  and  are  close!? 
surrounded  by  a  cast-iron  casing  K  K. 

The  weight  H  on  the  valve  spindle  wiU,  on  the  engine  being 
started,  accelerate  the  wheel  until  the  centrifugal  force  of  its  seg- 
ments exceeds  their  gravity,  and  causes  them  to  proceed  outward. 
They  will  at  tliat  instant  touch  the  casing  E,  and  revolving  at  eon- 
siderable  velocity,  the  friction  will  readily  absorb  the  excess  of 
maintaining  weight  applied. 

The  principal  feature  of  this  Governor  is  its  great  power  of 
action  upon  the  valve,  which  renders  it  applicable  to  work  variable 
expansion  valves,  or  the  floodgates  of  water  wheels,  without  inter- 
vening secondary  mechanism.  At  the  instant  when  a  cRange  of 
load  occurs,  the  power  is  indeed  only  limited  by  the  strength  of  its 
rods  and  levers,  because  no  amount  of  resistance  could  suddmly 
alter  the  velocity  of  its  segmental  fly-wheel. 

It  has  further  been  ascertained  by  experiment,  that  this 
Governor  will  permanently  support  a  weight  of  IJ  cwt  on  the 
horizontal  lever  of  the  throttle  valve :  it  possesses,  moreover,  the 
advantage  of  acting  when  placed  in  a  slanting  position,  one  having 
been  placed,  indeed,  with  its  axis  horizontally,  instead  of  vertically, 
which  continues  to  act  well  after  several  years'  service;  this 
Governor  is  thus  rendered  applicable  to  marine  engines.  Its  great 
power  would  also  enable  it  to  act  upon  the  lever  of  Woodcrofis 
screw  propeller,  with  variable  pitch,  which  it  would  regulate  so  as 
to  maintain  the  engine  at  a  uniform  speed,  independently  of  the 
speed  of  the  vessel. 

In  the  application  of  this  Governor  to  engines,  it  is  important 
to  give  it  the  sole  and  entire  command  over  the  admission  of  steam. 
For  this  purpose  the  throttle  valve  of  the  engine  should  be  more 
perfect  than  tliose  commonly  applied.  The  valve  shown  in  Plat*? 
18  is  preferred,  inasmuch  as  its  spindle  is  relieved  from  the 
pressure  of  the  steam,  which  is  made  to  enter  from  opposite  sides 
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at  I  I.  The  connection  between  the  Governor  and  the  valve 
should,  moreover,  be  made  as  direct  as  possible,  and  the  maintain- 
ing weight  be  attached  to  the  lever  immediately  upon  the  valve 
spindle,  in  order  to  prevent  loss  of  motion. 

Several  Governors  of  the  improved  construction  have  been  put 
up  by  Messrs.  Hick  and  Son,  of  Bolton  (one  to  an  engine  on  their 
•works,)  and  have  proved  practically  successful  during  upwards  of 
nino  months  of  trial. 


Mr.     Siemens    exhibited   a  working  model  of   the   improved 
Chronometric  Governor,  and  explained  its  action  :    the   drawing 
shown    was   about  the  size  of  a  Governor  suited   to  a  30-horse 
power  engine,  which  would  have  a  revolving  weight  of  about  one  cwt. 
Mr.  Slate  thought  the  new  Governor  a  very  important  and 
valuable  addition  to  the  steam  engine,  and  that  it  completely  re- 
moved the  defects  of  the  old  Centrifugal  Governor,  which  might 
be  almost  said  to  be  the  only  imperfection  left  by  Watt  in  the 
steam   engine.     He   inquired  whether  any  comparison  had  been 
observed  of  the   breakage  of  threads  that  occurred  in  spinning 
machinery  when  the  improved  Governor  was  used  in  place  of  the 
old  one,  showing  the   comparative  economy  in  manufacture  pro- 
duced Jby  greater  steadiness  and  uniformity  of  motion  ? 

Mr.  Siemens  replied  that  the  chief  advantage  was  found  to  be  in 
the  increase  of  work  done  by  the  same  machines,  in  consequence 
of  the  nearly  absolute  uniformity  of  motion  enabling  them  to  be 
driven  at  a  higher  speed.  With  the  ordinary  governor  the  fluctuation 
in  speed  could  never  be  less  than  5  per  cent.,  and  was  practically  con- 
siderably greater,  and  as  the  maximum  speed  had  to  be  set  at  the 
limit  allowed  by  the  manufacture,  the  mean  speed  of  the  machines 
was  consequently  so  much  below  ;  but  the  new  governor  allowed 
the  maximum  speed  to  be  adopted  constantly,  as  the  motion  was 
practically  quite  uniform,  and  no  fluctuations  were  perceptible. 
There  had  been  more  experience  of  the  results  in  flour  mills  at 
present  than  in  cotton  mills  ;  and  in  those  cases  the  new  governor 
was  found  to  do  away  with  the  constant  attendance  of  spout-men, 
who  are  ordinarily  required  to  regulate  the  speed  of  the  stones  by 
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hand,  according  to  the  variations  in  the  quality  of  flpar  prodaced, 
depending  on  the  speed,  and  the  quality  of  the  flour  was  found  to 
be  enhanced  by  the  perfect  uniformity  practically  attained  in  th« 
speed ;  the  quantity  of  work  was  very  considerably  increased  by 
the  certainty  that  the  governor  afforded  of  maintaining  constantly 
the  maximum  speed  required. 

Mr.  Slate  inquired  whether  any  difference  had  been  obsened 
in  the  deterioration  and  wear  of  the  gearing,  from  the  speed  of  the 
wheels  being  kept  quite  uniform  ? 

Mr.  Siemens  replied,  the  new  Governor  had  always  the  effect  of 
entirely  taking  away  the  back-lash  between  the  teeth  of  the  wheels, 
by  keeping  all  the  machinery  at  an  invariable  speed ;  this  must 
diminish  the  wear  of  the  teeth,  but  it  was  difficult  to  obtain  any 
correct  return  of  the  separate  economy  from  this  cause. 

Mr.  McCoKKELL  asked  what  was  the  time  required  for  the  co^ 
rection  of  the  velocity,  when  a  large  proportion  of  the  Toad  was 
suddenly  thrown  off,  such  as  3  or  4  pair  of  stones  in  a  flour  mill  ? 

Mr.  Siemens  said  the  correction  was  almost  instantaneous,  e^en 
when  the  whole  of  the  load  was  suddenly  thrown  off,  as  the  engine 
could  only  make  a  very  small  portion  of  a  revolution  before  the 
governor  shut  off  the  whole  of  the  steam  if  necessary.  He  might 
mention  in  illustration  a  case  where  he  was  trying  experiments  on 
the  efficiency  of  the  governor  with  Mr.  Field  and  other  gentlemen, 
and  the  whole  of  the  load  of  a  dO-horse  power  engine  was  suddenly 
thrown  off,  and  tiien  put  on  again  after  some  minutes,  but  Mr. 
Field,  who  was  in  the  engine-house  timing  the  engine,  did  not  pe^ 
ceive  any  change  in  its  speed. 

Mr.  McCoNNELL  observed  it  would  be  the  perfection  of  the 
action  of  a  governor  to  maintain  the  teeth  of  wheels  sdways  in 
contact  on  the  driving  side  and  prevent  any  back  lash.  The  new 
form  of  the  governor  was  a  great  improvement  for  practical  appli- 
cation, though  tlie  use  of  four  bevilled  wheels  instead  of  three 
gave  a  more  complicated  appearance  than  in  the  original  form  of 
the  Governor.  He  inquired  whether  it  was  found  to  increase  tlie 
wear  and  the  difficulty  of  keeping  in  order  ? 

Mr.  Siemens  said  the  new  form  of  the  governor  was  really  as 
simple   and   not  more   expensive  than  Watt's   Governor  for  the 
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same  power  of  engine ;  the  fourth  differential  wheel  added  very 
little  to  the  expense,  and  removed  the  wear  of  the  spindle,  hy 
balancing  the  pressure  on  both  sides.  Also,  the  governor  itself 
never  varies  its  velocity,  so  that  there  was  no  varying  in  the  speed 
of  the  different  parts,  to  cause  unequal  wear  or  strain,  as  was  the 
case  in  the  ordinary  governor.  The  original  form  of  the  Chrono- 
metric  Governor  was  more  theoretically  correct,  but  the  small  surface  " 
of  the  point  of  the  spindle  to  receive  all  the  pressure  involved 
more  care  in  oiling  and  keeping  clean  than  could  be  depended 
upon  from  some  of  the  rougher  hands  having  the  charge  of 
engines ;  but  in  the  cases  where  they  were  properly  attended  to, 
they  had  kept  in  perfect  order  during  seven  years'  constant  work, 
the  spherical  ball  acquiring  a  fine  polish.  The  present  improved 
form  of  the  governor  was  quite  free  from  this  difficulty  ;  the  fric- 
tion segments  were  left  entirely  without  oil,  as  the  pressure  was  too 
small  to  cause  injury  from  want  of  oil,  and  the  use  or  absence  of 
oil  did  not  affect  the  correct  action  of  the  goveruor,  so  that  no 
source  of  inaccuracy  could  arise  from  accidental  want  of  attention. 

The  Chairman  inquired  whether  the  original  governor  was  still 
employed  by  the  Astronomer  Royal  to  regulate  tlie  motion  of  astro- 
nomical instruments  ? 

Mr.  Siemens  said  that  it  continued  in  regular  use  for  that  pur- 
pose with  entire  satisfaction.  It  was  peculiarly  advantageous  for 
the  touch  record  instrument,  consisting  of  a  uniformly  revolving 
drum,  divided  into  minutes  and  seconds,  on  which  the  moments  of 
observations  were  recorded  by  the  touch  of  a  pencil ;  the  accuracy 
entirely  depended  on  the  absolute  uniformity  of  the  revolution  of 
the  drum,  and  tills  was  previously  liable  to  derangement  from  the 
variations  in  the  resistance  caused  by  variation  in  the  pressure  of 
the  pencil,  and  the  interval  and  time  of  its  contact,  but  a  perfect 
iiniformity  of  motion  was  obtained  by  the  action  of  the  Chrono- 
metric  Governor,  by  providing  an  excess  of  maintaining  power 
above  the  maximum  disturbance,  the  surplus  being  always  absorbed 
by  the  friction  of  the  break  ;  with  the  transit  instrument  at  Liver- 
pool, the  governor  acted  on  the  sluice  of  the  small  water  wheel 
driving  the  moving  apparatus,  which  amounted  altogether  to  some 
tons  weight. 
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Mr.  G.  CowPER  inquired  whether  there  was  any  means  of  alter* 
ing  the  rate  of  speed  of  the  engine  if  required,  with  the  same 
governor  ? 

Mr.  Siemens  thought  it  was  not  advisable  to  allow  the  means  of 
altering  the  speed,  as  all  machinery  worked  and  kept  in  order  best 
when  it  was  maintained  imiformly  at  the  rate  of  speed  for  which 
it  was  calculated.  But  if  necessary  a  change  of  speed  could  be 
readily  obtained  by  employing  a  conical  speed-pulley  to  drive  the 
governor;  the  governor  will  always  keep  at  the  same  absolute 
speed,  but  tlie  engine  may  be  set  to  run  at  any  relative  speed  bj 
proportioning  accordingly  the  intermediate  pulleys  or  gearing. 

Mr.  Clift  inquired  the  eflfect  of  wear  on  the  rubbing  surfaces 
of  the  friction  ring,  whether  they  required  renewal,  and  whether  the 
wear  affected  the  accuracy  of  adjustment  of  the  governor  ? 

Mr.  Siemens  explained  that  the  only  rubbing  surfaces  were  the 
ends  of  the  four  steel  pins,  one  in  each  of  the  segments ;  which 
were  slightly  rounded  at  the  ends,  with  springs  behind  them  to 
allow  for  wear ;  but  the  wear  was  exceedingly  small,  even  in  those 
of  the  first  kind,  which  had  been  seven  years  at  work,  it  was  quite 
iuconsidemble. 

The  Chairman  asked  how  long  the  new  form  of  Governor  hid 
been  practically  tried  by  regular  work  ? 

Mr.  Siemens  replied  it  had  been  in  use  about  nine  months. 

Mr.  Charles  May  said  he  had  had  the  first  form  of  Mr. 
Siemens'  Governor  in  constant  use  for  several  years,  with  entire 
satisfaction ;  he  was  one  of  Ihe  earliest  users  of  them,  and  had 
three  in  use  at  once,  and  he  had  never  ceased  to  consider  this 
governor  as  one  of  the  greatest  accessories  to  the  steam  engine. 
He  thought  it  would  be  particularly  useful  in  the  iron  districts, 
where  the  power  required  in  driving  the  rolling  mills  and  forge 
hammers  was  subject  to  such  frequent  and  violent  fluctuations :  the 
rapidity  of  action  of  this  governor  was  so  great,  that  it  might  be 
said  to  adjust  the  throttle  valve  whilst  the  ordinary  governor  was 
til  inking  about  moving.  There  were  difficulties  in  some  of  the 
first  applications  of  the  governor,  arising  from  prejudices,  and  par- 
ticularly from  defect  of  the  throttle  valves,  which  were  often  vei)* 
inefficient ;  but  he  could  bear  testimony  to  its  complete  success 
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when  properly  applied.  In  one  case  of  its  application  he  had  an 
engine  of  50  indicated  horse-power,  sawing  up  1 6-inch  haulks  into 
sleepers,  where  the  work  came  on  and  o£f  suddenly  with  the  saw 
cat,  but  the  engine  making  35  strokes  per  minute  did  not  vary  any- 
thing like  1  stroke  per  minute,  though  with  an  ordinary  governor 
there  would  probably  have  been  a  variation  of  10  strokes  per  minute 
with  the  same  work. 

The  Chairman  expressed  his  opinion  of  the  great  practical 
utility  of  the  new  governor,  and  thought  its  application  might  be 
advantageously  extended  to  the  engines  of  iron  works  and  steam 
boats. 

A  vote  of  thanks  was  passed  to  Mr.  Siemens  for  his  paper. 

The  following  paper,  by  Mr.  J.  E.  McConnell,  of  Wolverton,  was 
then  read : — 

.  ON  HOLLOW  RAILWAY  AXLES. 

The  subject  of  Railway  Axles  was  brought  before  the  Institution 
on  a  former  occasion  by  the  writer,  when  he  gave  the  result  of 
yarious  experiments,  showing  the  form  and  dimensions  most  econo- 
mical of  material,  with  a  proportionate  and  proper  strength  of  the 
several  parts,  and  also  the  changes  in  the  structure  of  the  iron 
which  appeared  to  have  taken  place  from  various  causes  during  the 
course  of  working.  Since  that  period  the  writer *s  attention  has 
been  constantly  directed  to  the  subject,  and  the  opinion  he  then 
expressed  respecting  the  fi-actures  of  axles  arising  from  changes 
from  the  fibrous  structure  of  the  iron,  to  a  brittle,  short-grained,  or 
crystalline  condition,  has  been  confirmed  by  repeated  instances 
which  have  come  under  his  knowledge. 

With  the  view  of  improving  the  strength  and  durability  of 
Railway  Axles,  the  two  most  important  points  for  insuring  the 
safety  and  security  of  railway  travelling,  the  writer,  after  repeated 
experiments,  and  obtaining  all  the  experience  and  information  he 
could  collect  on  the  subject,  aiTived  at  the  conclusion  that  the 
hollow  or  tubular  axle  combined  in  itself,  if  properly  manufactured, 
all  the  properties  necessary  to  secure  the  best  form  for  lightness, 
strength,  uniformity  of  structure  in  the  material,  elasticity  to 
neutralize  the  injurious  effect  of  blows  and  concussions,  and  conse- 
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quent  durability,  from  hayicg  a  greater  freedom  from  deteriortting 
efifects. 

The  selection  of  the  tubular  form  of  axle  origiDated  from  the 
knowledge,  that  with  a  considerably  less  weight  of  material  in  iht 
form  of  the  tube,  a  much  greater  strength  can  be  obtained  to  resist 
torsion,  deflection  by  pressure  or  weight,  or  concussion  from  blows. 
The  resistance  of  a  solid  cylinder  to  deflection  and  tornion,  inereasing 
in  proportion  to  the  fourth  power  of  the  diameter  (or  the  square  of 
the  square),  but  the  weight  increasing  only  as  the  square  of  the 
diameter,  two  solid  cylinders,  having  the  respective  diameters  of  4 
and  5  inches,  or  1  to  1 J^,  will  have  a  proportionate  weight  of  ]  6  to 
25,  or  I  to  1^,  but  a  resistanceof  256  to  625,  or  1  to  ^.  Then  if  a 
hollow  of  f  rds  the  diameter  be  made  in  the  larger  axle,  its  weight 
will  be  diminished  ^,  (|  X  |  =  f  or  i  nearly,)  and  its  resistaa^e 
only  l-5th,  (|  X  |  X  |  X  |  =  if,  or  i  nearly),  and  the  comparison 
with  the  smaller  solid  axle  will  tlien  be  1  to  1  ^  in  diameter,  1  to  | 
in  weight,  and  i  to  2  in  resistance,  being  double  the  resistance, 
with  ^ih  less  weight. 

The  use  of  Hollow  Axles  was  tried  some  years  ago,  but  was  not 
continued,  the  main  objection  being  that  there  appeared  a  great 
difficulty  of  insuring,  by  the  particular  mode  of  manufacture  adopted 
at  that  time,  a  sufficient  uniformity  of  thickness  of  the  sides  of  the 
tube  throughout,  and  also  of  the  soundness  of  material.  The  mode 
adopted  consisted  of  rolling  two  or  three  bars  of  a  semi  circalar 
cross  section,  which  were  welded  together  with  butt  joints,  bat 
with  no  internal  pressure,  and  with  solid  ends  where  the  beariogs 
came.  These  axles,  having  no  maundril  or  internal  pressure 
during  the  process  of  welding,  were  found  to  be  of  a  very  uncertain 
strength  throughout  the  axle,  and  the  weakest  point  might  be  close 
to  that  part  where  the  greatest  force  or  strain  would  be  exerted. 

To  overcome  these  objections,  a  mode  of  manufacturing  Railway 
Axles  has  been  introduced  by  the  writer,  which  it  is  believed 
effectually  accomplishes  the  objects  in  view,  securing  the  utmost 
strength  with  the  least  possible  amount  of  material,  uniformity  of 
structure  of  the  iron,  perfect  equality  of  thickness  5f  material,  and 
"^uiiduess  of  manufacture. 
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The  plaa  adopted  is  as  follows  : — A  number  of  segmental  bars 
of  the  best  quality  of  iron  are  rolled  to  a  section,  as  shown  in  Fig. 
5,  Plate  19,  so  as  to  form,  whien  put  together  ready  for  welding,  a 
complete  cylinder  Fig  6,  about  H  times  the  diameter  of  the 
axle  when  finished  as  Fig  7,  the  bars  fitting  correctly  together,  so  as 
to  have  no  interstices,  and  overlapping  in  such  a  manner  as  to  in- 
sure a  perfect  and  sound  weld  when  completed,  as  shown  in  Fig  6. 
This  cylinder  of  loose  segmental  bars  is  temporarily  held 
together  by  a  screw  clip,  and  each  end  being  put  into  the  furnace 
until  a  welding  heat  is  produced,  the  bars  are  then  pcurtially  welded 
together  and  the  clip  removed.  The  whole  cylinder  is  then  placed 
in  the  furnace,  and  brought  to  a  proper  welding  heat ;  it  is  then 
passed  through  a  series  of  rollers,  £B,  Figs.  1  and  2,  Plate  19,  which 
have  each  a  maundril  of  an  egg  form,  A,  in  the  centre  of  the  circular 
openings,  which  are  attached  and  supported  on  the  end  of  a  fiixed 
bar,  the  fixed  bar  being  firmly  secured  at  the  opposite  end,  to  resist 
the  end  pressure  or  strain  during  the  process  of  rolling.  The 
maundrils  are  made  of  cast-iron,  chilled,  fitting  on  like  a  socket  on 
the  end  of  the  bar  to  a  shoulder,  and  they  are  secured  by  a  screw 
nut,  BO  that  they  are  easily  removed  when  required. 

The  motion  of  the  rolls  is  so  arranged,  by  a  reversing  clutch  on 
the  shaft,  that  as  soon  as  the  axle  cylinder  has  been  drawn  clear 
through,  the  motion  is  reversed,  and  the  axle,  which  has  been  drawn 
on  to  the  maundril  rod,  is  again  drawn  back  through  the  same 
opening  in  the  rolls ;  it  is  immediately  passed  through  the  next 
smaller  groove  of  the  roll  with  a  decreased  size  of  maundril,  and 
again  reversed  back  through  the  same  groove  in  a  similar  manner, 
and  so  on  through  a  series  of  grooves  in  quick  succession,  each  de- 
creasing in  size,  and  consequently  increasing  the  compression  and 
strength  of  the  iron  of  which  the  axle  is  formed,  and  by  the  last 
groove  it  is  passed  through  it  is  reduced  to  the  proper  diameter. 
At  each  time  it  is  changed  from  one  groove  to  another,  the  axle 
cylinder  is  turned  by  the  workman  a  quarter  round,  so  as  to  equalise 
the  pressure  on  every  part  of  its  surface,  to  insure  uniformity 
of  the  compression  of  the  iron,  and  thoroughly  complete  a  sound 
welding  throughout  every  part  of  the  axle. 

The  specimens  before  the  meeting  will  show  the  soundness  and 
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perfection  of  the  manufacture,  as  a  proof  of  which,  in  every  test  ap- 
plied, either  by  blows  on  the  outer  surface,  or  by  an  immense 
splitting  pressure,  by  driving  a  maundril  in  the  interior,  there  has 
never  been  found  in  any  one  instance  a  failure  of  the  weld,  although 
the  test  has  been  applied  to  pieces  cut  off  the  extreme  end,  where  it 
might  be  supposed  the  welding  of  the  cylinder  of  the  axle  £rom 
various  causes  would  not  have  so  good  a  chance  of  being  perfect 

The  axle  at  this  stage,  after  being  welded  and  drawn  down  in 
the  rolls  to  the  size  in  Fig.  3,  is  taken  at  once  to  a  hammer, 
where  it  is  planished  between  semi -circular  swages  over  its  entire 
surface.  A  small  jet  of  water  plays  upon  it  during  this  process, 
which  enables  the  workman  to  detect  at  once,  by  the  inequality  of 
colour,  any  unsoundness  in  the  welding.  From  the  hammer  it  is 
taken  to  the  circular  saws,  where  it  is  cut  accurately  to  the  length 
required,  and  ready  to  have  the  bearings  formed  upon  it. 

On  coming  from  the  hammer  the  axle  is  found  to  be  perfectly 
clean  both  inside  and  outside,  the  scale  being  entirely  removed. 
The  ends  are  then  re-heated,  and  gradually  drawn  down  hy  a 
hammer  to  the  proper  dimensions  and  form  of  the  journals,  as  in 
Fig.  4,  a  maundril  being  inserted  in  the  end  of  the  tube  doling 
the  process  of  hammering. 

The  formation  of  the  journals  can  also  be  produced  by  a  rolling 
machine,  constructed  of  tables  the  entire  length  of  the  axle,  rolling 
transversely,  each  table  being  a  duplicate  of  the  other,  and  matrixes 
of  the  axle  when  finished.  Or  in  another  way,  by  two  sets  of  rollers* 
each  set  consisting  of  three  rollers  running  vertically,  being  of  the 
same  diameter,  and  driven  at  the  same  velocity,  formed  exactly 
to  the  shape  of  the  bearing,  and  set  the  proper  distance  apart 
from  shoulder  to  shoulder  of  the  journals. 

The  manufacture  of  these  axles  has  been  entrusted  to  the 
Patent  Shaft  Company,  and  a  great  amount  of  credit  is  due  to  Mr. 
Walker,  the  managing  partner  of  that  firm,  for  the  veiy  excellent 
system  he  has  adopted  and  carried  out  in  the  process  of  manafac- 
ture. 

There  can  be  no  doubt  that  the  Hollow  Axles,  as  now  mannfac- 
♦'^red,  are  much  superior  to  any  yet  produced. 

Digitized  by  VjOOQ IC 


HOLLOW  RAILWAY  AXLBS.  91 

As  an  illustration  of  the  saving  in  dead  weight,  take  for  instance 
a  railway  employing  15,000  waggons  and  carriages,  and  assume 
each  of  these  vehicles  to  run  on  an  average  10,000  miles  per  annum. 
The  weight  of  two  axles  of  the  solid  description  finished,  say  5cwt., 
and  if  replaced  with  Hollow  Axles  of  equal  strength,  the  weight  per 
vehicle  may  he  reduced  ]  ^cwt. ;  this  taken  over  one  mile  of  the  above 
stock  per  annum  will  be  11,1250,000  tons,  and  assuming  the  cost  of 
traction  for  locomotive  power  at  ^d.  per  ton  per  mile,  the  saving  will 
amount  to  JSl  1,700  per  annum,  without  taking  into  account  the 
other  advantages,  and  also  the  saving  to  the  permanent  way,  &c. 

In  the  samples  of  axles  submitted  to  the  meeting,  two  different 
kinds  of  bearings  are  shown,  the  parallel  bearing  with  tlie  rounded 
shoulder,  Fig.  8,  Plate  19,  and  also  the  double  conical  bearing,  Fig.  9, 
such  as  is  used  on  the  Great  Northern,  Great  Western,  Bristol  and 
Exeter,  South  Wales,  and  South  Devon  Railways.  In  either  des- 
cription of  bearing  the  Hollow  Axle  is  good,  although  it  is  believed 
that  the  conical  bearing  for  either  the  Solid  or  Hollow  Axle  has  a  less 
tendency  to  injure  the  texture  of  the  iron  during  the  formation  of  the 
journal  than  the  parallel  shouldered  axle,  and  it  appears  a  matter 
well  deserving  the  consideration  of  this  Institution,  to  ascertain  what, 
under  all  conditions,  is  the  best  form  of  axle  bearing. 

The  following  experiments,  conducted  by  Mr.  Marshall,  the  Secre- 
tary of  the  Institution,  have  been  tried  for  the  purpose  of  ascertaining 
the  comparative  strength  of  tlie  hollow  and  solid  axles  to  resist  a 
transverse  strain ; — 

Each  axle  was  supported  on  massive  cast-iron  blocks,  fixed  at  a  dis- 
tance of  4ft.  11  in  apart,  to  represent  the  support  given  by  tlie  rails  to 
the  axle  A  cast-iron  block  weighing  18cwt.  was  then  let  fall  on  the 
centre  of  the  axle  from  a  height  of  12  feet,  and  the  extent  of  bending 
was  measured.  The  axle  was  then  turned  half  round,  and  another 
similar  blow  given  on  the  opposite  side,  bending  it  in  the  opposite 
direction.  This  proceeding  was  repeated  until  the  axle  was  broken, 
and  the  particulars  of  the  number  of  blows  and  amount  of  bending  are 
given  in  the  accompanying  Table,  No.  1. 

The  general  results  of  these  experiments  are  as  follows  : — 

An  Old  Solid  Axle,  G,  3f  inch  diameter  in  centre,  and  4^  inch  at 
ends,  which  had  been  at  work  tliree  years,  was  bent  8|-  inches  by  the 
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Ist  blow ;  it  was  nearly  straightened  by  the  2nd  blow  in  tihe  opposite 
direction,  then  bent  10  inches  by  the  Srd  blow,  and  with  the  5th 
blow  it  was  broken  in  the  centre  square  across.   - 

A  New  Solid  Axle,  H,  of  the  same  dimensions,  was  bent  9f  inches 
by  the  1st  blow,  then  nearly  straightened  by  the  2nd  blow,  and 
bent  9^  inches  by  the  3rd  blow,  and  by  the  4th  blow  ^\  indies, 
and  by  the  5th  blow  it  was  broken  J  inch  from  the  centre. 

The  appearance  of  the  fracture  was  crystalline  OTcr  three  fowtfas 
of  the  section,  the  remaining  part  tough  fibre.  This  fractnre  b 
shown  in  Figs   10  and  11,  Plate  20. 

A  New  Hollow  Axis,  I,  4f  inch  diameter  throughout,  was  bent  5 
inches  by  the  1  st  blow,  then  nearly  straightened  by  the  2nd  blow, 
and  bent  again  5  inches  by  the  3rd  blow.  The  9th  blow  bent  it  4^ 
inches,  and  the  1 0th  blow  If  inches.  Up  to  the  1 5th  blow  it  was  bent 
alternately,  the  bends  varying  from  2  to  8 J  inches.  There  was  no  ap- 
pearance of  failure  or  cracking,  but  a  slight  rising  of  tbe  surface  at  the 
i  5th  blow.  The  blows  were  continued  to  the  27th,  the  bends  yarying 
from  2  to  d|  inches,  and  at  this  blow  a  fracture  took  place  across 
the  middle  of  the  axle  1^  inches  long.  The  28th  blow  bent  it  f  inch, 
and  closed  the  fracture  on  the  opposite  side  made  by  the  preceding 
blow.  By  the  29th  blow  it  was  fractured  two  thirds  through,  and  bait 
9^  inches,  the  appearance  of  the  fracture  being  very  fibrous.  This 
fracture  is  shown  in  Figs.  12  and  13. 

A  second  series  of  experiments  was  made,  to  ascertain  the 
comparative  strength  of  the  journals  of  the  hollow  and  solid  axl« 
to  resist  breaking. 

Each  axle  was  supported  on  an  anvil,  with  the  inner  shoulder  of 
the  journal  projecting  IJ  inches  beyond  the  edge  of  the  anvil,  to 
represent  the  support  of  the  axle  in  the  nave  of  the  wheel ;  100  bloi^ 
with  24lbs.  sledge  hammers  were  then  struck  upon  the  upper  ride  of 
the  outer  end  of  the  journal,  the  men  being  changed  after  striking 
each  twelve  or  thirteen  blows  alternately.  The  amount  of  bending 
of  the  journal  was  then  measured,  and  tbe  axle  turned  half  over,  and 
another  100  blows  similarly  given  on  the  opposite  side  of  the  journal; 
the  same  proceeding  being  then  further  repeated,  and  the  several 
particulars  are  given  in  the  accompanying  Table,  No.  2. 
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The  general  results  of  these  experiments   are  as  follows : — 

An  Old  Solid  Axle  with  3  by  5  inch  journals,  that  had  been  at 
work  three  years  had  one  journal,  C,  broken  oflf  with  205  blows, 
and  the  other,  B,  with  53  blows:  both  fractures  were  square  across 
the  joarnal  at  the  shoulder. 

A  Nsw  Solid  Axle,  F,  with  3  by  6  inch  journals,  had  the  journal 
broken  off  with  570  blows,  the  fracture  being  irregular  in  form,  and 
fibrous.     This  fracture  is  shown  in  Figs.  14  and  15,  Plate  20. 

A  New  Hollow  Axle,  D,  with  3  by  5  inch  journals,  had  400 
blows  on  the  journal,  which  bent  down  the  end  |  inch,  and  pro- 
duced a  longitudinal  split  on  the  under  side,  3  J  inches  long,  but  no 
transverse  fracture. 

A  NetD  Hollow  Axle,  A,  with  the  same  size  journals,  received  800 
blows  on  the  end  of  the  journal,  which  bent  it  down  ^  inch,  and 
split  the  journal  longitudinally  on  both  sides,  but  caused  only  a 
slight  transverse  crack  near  the  shoulder,  J  inch  long.  The  fracture 
is  shown  in  Figs.  16  and  17. 

The  experiments  on  transverse  strength,  by  a  heavy  weight  falling 
on  the  centre  of  the  axle,  and  giving  the  blow  on  opposite  sides 
alternately,  show  that  the  hollow  axle  is  nearly  double  the  strength 
in  that  respect  of  the  corresponding  solid  axle,  the  amount  of 
bending  being  only  5  inches  instead  of  9}  inches,  and  the  number 
of  blows  required  to  break  the  hollow  axle  being  29,  whilst  the 
solid  axle  broke  at  the  5th  blow,  shows  the  hollow  axle  to  be 
greatly  stronger  in  resistance  to  fracture. 

'  The  hollow  axle  became  J  inch  oval  in  the  centre  after  receiving 
the  seventh  blow,  and  it  was  only  \  inch  oval  after  receiving  the 
twenty-eighth  blow  just  before  fracture ;  being  bulged  outwards 
h  inch  at  each  side,  and  h  inch  inwards  at  top  and  bottom  from 
the  original  circular  section. 

The  experiments  on  strength  of  journals  show  that  instead  of  the 
journals  breaking  off  square  and  short  at  the  shoulder,  as  in  the 
solid  axles,  the  hollow  axle  journals  stand  a  considerably  greater 
number  of  blows,  and  then  only  split  up  longitudinally,  instead  of 
breaking  off  transversely,  being  a  very,  important  advantage  in 
point  of  safety  in  working. 
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TABLE  No.  I. 
Experiments  (m  the  Transverse  Strength  of  Aaies, 

(Axle  supported  at  each  end,  4  ft.  11  in.  length  between  sapports, 
cast-iron  weight  of  18  cwt.  falling  on  centre  of  axle,  blows  given  on 
the  opposite  sides  alternately.) 
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TABLE  No.  11. 
Es^Mritnents  on  the  Strength  of  Axis  Joumah. 

(Axle  supported  at  J^  in.  length  from  inner  end  of  Journal,  blows 
of  24  lb.  sledge  hammer  on  outer  end  of  journal,  each  100  blows 
given  on  opposite  sides  of  the  journal  alternately.) 
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Mr.  McCoNNELL  exhibited  a  number  of  specimens  of  the  axles 
tried  in  the  experiments,  and  specimens  of  the  hollow  axles  cut  id 
two  longitudinally,  showing  the  thickness  of  metal  to  be  quite 
uniform  throughout  the  axle  and  journals.  He  also  showed  and 
explained  an  instrument  used  for  measuring  accurately  the  thick- 
ness of  the  metal  at  the  shoulder  of  each  journal,  and  in  the  journal 
after  the  axle  was  turned  ;  it  consisted  of  a  double  sliding  gauge 
(see  Figs.  18  and  19,  Plate  20),  one  sliding  part  AA  being  inserted 
into  the  open  end  of  the  axle,  and  shaped  to  fit  closely  to  the  inside 
of  the  shoulder  at  C,  and  the  other  sliding  part  B  fitting  the  outside 
of  the  journal  and  axle ;  the  whole  gauge  was  held  steady  on  the 
body  of  the  axle  by  the  arm  and  clip  DD.  When  the  gauge  was  ad- 
justed by  a  compound  sliding  motion  so  as  to  fit  the  axle  inside 
and  out  the  exact  position  of , the  outer  sliding  portion  B  was 
marked  by  bringing  a  screw  stop  E  in  contact  with  it,  and  it  was 
then  withdrawn  sufficiently  to  allow  the  gauge  to  be  disengaged 
from  the  axle  by  drawing  the  inner  slide  out  of  the  axle ;  the  outer 
slide  B  was  then  brought  back  to  its  former  position  by  sliding  it 
home  to  the  screw  stop,  and  the  space  thus  left  between  the  edges 
of  the  inner  and  outer  slides  A  and  B  gave  a  correct  outline  of  the 
thickness  of  the  metal,  which  was  traced  at  once  on  paper.  Each 
axle  was  examined  in  this  manner  and  registered  before  it  was  sent 
out  to  work,  so  as  to  provide  against  any  axle  being  turned  out  in 
an  imperfect  state  from  the  journal  being  accidentally  cut  into  the 
metal  too  much  at  the  shoulder. 

The  Chairman  remarked,  that  in  the  fracture  of  the  hollow  axle 
all  the  iron  appeared  fibrous,  but  the  firacture  of  the  solid  axles  was 
mostly  crystalline. 

Mr.  McCoNNELL  said  he  had  found  the  same  differences  in  all  be 
had  tried :  the  iron  of  the  hollow  axle  was  as  fibrous  throughout  as 
the  best  bar  iron. 

Mr.  W.  Mathews  inquired  what  was  the  saving  in  weight 
of  the  hollow  axles,  and  whether  they  had  yet  been  applied  ex- 
tensively ? 

Mr.  McOoNNKLL  replied  the  reduction  in  weight  was  aboat 
2-5ths  theoretically  to  obtain  the  same  strength,  but  it  had  been 
taken  at  Jrd  of  the  solid  axles,  to  be  on  the  safe  side.     The  hollow 
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asdes  were  being  extensively  applied  on  the  North. Western,  Mid- 
land, and  Great  Northern  Eailways,  and  more  than  500  had  already 
been  made ;  some  had  been  at  work  for  nine  months  with  entire 
satisfaction. 

Mr.  W.  Mathews  asked  what  was  the  relative  cost  of  the  hollow 
axles,  and  whether  any  difference  was  found  in  the  crystallising  of 
the  iron  from  the  effects  of  working? 

Mr.  McConnell  said  that  no  observations  could  be  made  on 
that  point  yet,  and  it  would  be  difficult  to  arrive  at  any  conclusion 
upon  it,  except  from  actual  long  work. 

Mr.  NoRRis  observed  that  in  the  fractures  of  the  new  solid 
axles  there  was  considerable  variation,  some  parts  being  fibrous  and 
other  parts  crystalline.  He  said  he  had  tried  many  old  axles  that 
had  been  ^0  years  at  work  on  the  Liverpool  and  Manchester  Rail- 
way, and  none  of  them  appeared  crystalline  on  breaking  off  the 
journals,  though  several  new  ones  were  found  to  break  crystalline  ; 
the  new  ones  were  about  ^  inch  larger  diameter  in  the  journals. 
He  doubted  any  crystallising  effect  being  produced  by  working  on 
the  railway ;  he  thought  it  depended  more  on  the  original  manu- 
facture. 

Mr.  Slate  remarked,  that  iron  would  be  crystallised  if  over- 
heated in  the  furnace,  and  the  hollow  axles  might  be  injured  in  this 
way  without  proper  care. 

The  CHA.IRMAN  said  the  most  fibrous  bar  could  be  made 
crystalline  in  one  part  by  overheating  it. 

Mr.  Clift  suggested  that  less  heat  might  be  required  to  weld 
the  hollow  axle  than  the  solid  one,  on  account  of  the  reduced  sub- 
stance of  the  iron,  which  would  be  less  injurious  to  it. 

Mr.  McConnell  observed,  that  in  the  case  of  the  sling  chains 
for  holding  up  in  forging  large  bars,  and  in  other  similar  instances, 
the  continued  concussion  was  found  to  have  the  effect  of  making 
the  iron  break  in  a  certain  time  quite  crystalline,  though  it  had  been 
quite  fibrous  originally ;  this  was  known  to  take  place  so  regularly, 
that  the  time  of  breaking  was  reckoned  upon,  and  they  sometimes 
lasted  only  a  few  months.  In  the  hollow  axle  there  was  a  different 
condition  of  the  iron  from  tlie  solid  axle,  as  in  the  latter  the  iron  in 
the  centre  was  not  so  solid  as  the  outside,  because  the  pressure 
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was  only  applied  on  the  outside,  and  the  larger  the  bar  the  more 
this  was  perceived ;  but  in  the  process  of  manufacture  of  the  new 
hoUoW  axle,  in  consequence  of  the  internal  pressure  combined  with 
the  external,  and  the  small  thickness  of  the  metal,  the  vdiole  axle 
was  made  as  solid  as  the  outside  of  an  ordinaiy  axle.  It  had,  in  lact 
two  skins,  one  outside  and  one  inside. 

Mr.  Slate  remarked  that  the  skin  of  iron  was  generally  looked 
upon  as  stronger  than  the  rest,  but  he  doubted  whether  the  skin 
was  really  of  much  importance  to  the  strength,  as  it  could  only  be 
a  thin  film  of  scale  or  oxide.  He  should  like  to  see  the  experiment 
tried  of  a  hollow  axle  bored  out  and  turned  so  as  to  r^noTC  the 
skin,  and  expected  it  would  be  found  to  make  little  difference. 

Mr.  McGoNNELL  said  the  skin  was  important  in  cast  iron,  and 
the  strength  was  considerably  diminished  if  the  skin  was  removed ; 
he  thought  something  of  the  same  kind  applied  to  wrought  iron. 

Mr.  Mat  hoped  the  experiment  suggested  would  be  tried ;  be 
thought  the  ordinary  idea  of  the  skin  was  a  delusion,  both  in  east 
and  wrought  iron,  and  he  believed  there  would  even  be  found  more 
strength  per  square  inch  in  the  area  left  if  the  skin  were  planed  or 
turned  off. 

Mr.  DucLOS  observed,  that  in  cast  iron  the  skin  would  b« 
different  in  composition,  assimilating  to  steel,  and  harder  than  the 
rest  of  the  metal,  if  not  stronger,  according  as  it  was  more  or  less 
chilled ,  but  in  wrought  iron  the  skin  was  mainly  oxide  of  iron,  and 
was  really  wealcer  than  the  pure  iron. 

Mr.  Slate  thought  a  cast-iron  bar  planed  down  ^th  inch  on  eacb 
side  would  prove  quite  as  strong  per  square  uich  as  before. 

Mr.  James  Nasmyth  said  he  had  tried  a  careful  experiment  on  that 
very  point ;  he  cast  some  bars  2^  inches  square,  and  planed  some  of 
them  down  on  each  side  to  2  inches  square,  and  he  found  that  these 
were  10  per  cent,  weaker  for  the  proportionate  transverse  breakiog 
strength.  These  bars  were  green  sand  castings,  andconsequendj  pa^ 
tially  chilled  ;  loam  castings  would  not  probably  show  the  same  effect ; 
he  considered  the  effect  of  chilling  was  to  incresse  the  strength. 

Mr.  Slate  said  he  had  made  a  somewhat  similar  trial,  thougb 
not  so  careful  an  experiment,  and  he  did  not  perceive  any  difference 
in  the  strength  of  the  skin. 
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Mr.  Mat  observed,  that  ^th  inch  on  every  side  might  be  too 
much  to  remove  for  ascertaining  the  relative  strength  of  the  skin 
alone,  as  the  interior  of  a  large  bar  was  not  so  strong.  It  had  been 
ascertained  by  the  experiments  of  the  Government  Commissioners, 
that  a  cast-iron  bar  three  inches  square  was  only  f  rds  the  propor- 
tionate strength  of  a  bar  one  inch  square,  as  the  centre  of  the  bar 
became  less^solid  in  cooling ;  consequently,  a  bar  one  inch  square, 
cut  out  of  the  centre  of  a  three  inch  bar,  would  be  considerably 
weaker  than  a  bar  cast  one  inch  square,  and  not  from  the  circum- 
stance of  the  skin  being  removed,  but  from  the  iron  being  less 
solid ;  if  only  about  Ath  inch  were  planed  off  a  bar,  it  would  re- 
move the  skin,  but  be  thought  the  strength  would  be  found  not  to 
be  injured. 

Mr.  J.  Nasmtth  considered  the  skin  effect  extended  more  than 
^th  inch  deep,  at  least  the  chilling  was  perceptible  so  far. 

Mr.  G.  England  remarked,  that  if  the  less  dense  part  of  a  solid 
axle  at  the  centre  were  taken  out  by  boring,  the  axle  would  not  be 
proportionately  diminished  in  strength  ;  and  this  was  in  effect  done 
in  the  hollow  axle,  with  the  additional  advantage  of  the  internal 
pressure,  making  the  iron  as  sound  throughout  as  in  a  thin  bar,  and 
considerably  sounder  and  stronger  than  it  could  be  in  a  large  bar 
or  shaft. 

The  Chairman  said  it  was  certainly  much  easier  to  make  a  bar 
1  inch  thick,  of  good  quality  and  fibrous  throughout,  than  one  3  or 
d|>  inches  thick ;  and  in  effect  the  hollow  axle  was  a  bar  less  than 
an  inch  thick  throughout,  in  place  of  the  ordinary  solid  axle,  d|>  or 
4  inches  thick. 

Mr.  McCoNNELL  thought  it  had  to  be  defined  what  was  meant 
by  the  term  skin ;  in  forging  any  bar  it  became  denser  gradually 
at  the  surface,  and  consequently  stronger,  the  effect  penetrating  to 
a  greater  or  less  depth,  according  to  the  circumstances,  and  it  was 
that  he  referred  to,  not  a  mere  film  on  the  surface. 

Mr.  Slate  remarked;  that  in  reference  to  the  crystallisation 
produced  in  iron  by  concussion,  he  thought  the  effect  did  not  take 
place  unless  the  strain  was  beyond  the  elastic  limit  more  than  ^ve 
or  six  tons  per  inch,  so  as  to  cause  a  permanent  change  in  ihe 
arrangement  of  the  particles  of  the  iron.     He  had  tried  an  experi- 
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ment  in  connection  with  Mr.  Wild,  in  which  a  weight  was  sus- 
pended by  a  bar  an  inch  square,  and  was  lifted  up  and  dowo 
eighty  times  per  minute  by  an  eccentric  worked  by  a  steam  engine, 
constantly,  night  and  day ;  this  was  continued  for  a  length  of 
time  tliat  was  supposed  equivalent  to  the  effect  of  twenty-five 
years'  work,  but  no  change  or  crystallisation  in  the  iron  wis 
perceived. 

Mr.  McCoNNELL  observed,  that  whatever  was  the  nature  of  the 
sti^ain,  and  the  change  produced  by  concussion,  the  effect  of  the 
continued  blows  and  concussion  to  which  a  railway  axle  was  sub- 
jected, must  be  greatly  diminished  when  the  axle  had  a  large  holh>w 
through  the  centre,  instead  of  being  entirely  solid,  as  the  effect  of 
a  blow  on  one  side  would  be  mostly  lost  in  the  vacant  space  of  the 
centre,  instead  of  being  all  communicated  through  the  mass  of  the 
axle.  He  showed  specimens  of  a  hollow  and  a  solid  axle,  which 
had  been  run  hot  for  two  hours  witliout  oil  in  a  lathe,  at  a  speed 
corresponding  to  about  20  miles  an  hour  travelling :  the  solid  jour- 
nal broke  off  with  179  blows  quite  short  and  crystalline,  but  the 
hollow  journal  would  not  break  transversely,  and  split  longitudinaUj 
in  several  places  witli  400  blows,  and  did  not  appear  injured. 

Mr.  Adaus  said  he  thought  the  conical  journals  were  prefenUe 
to  the  ordinary  cylindrical  ones,  and  tliey  were  particularly  adapted 
to  the  manufacture  of  the*  hollow  axles,  by  avoiding  the  sudden 
shoulder.  He  had  found  the  conical  journals  less  liable  to  heat 
than  the  others  when  well  fitted ;  in  the  cylindrical  journals,  as 
square  shoulders  were  found  preferable  in  practice  to  shoulders 
much  rounded,  it  was  important  to  maintain  a  uniform  strength  of 
metal  at  the  shoulder. 

The  Chairman  observed,  that  the  subject  of  railway  axles  was 
of  great  importance  for  safety  and  economical  working,  and  the 
new  hollow  axle  appeared  to  be  a  valuable  and  successful  improve- 
ment. He  proposed  a  vote  of  tlianks  to  Mr.  McConnell  for  his 
communication,  which  was  passed. 
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The  following  Paper,  by  Mr.  R.  S.  Norris,  of  Warrington,  was 
then  read : — 

IMPROVED  RAILWAY  JOINT  CHAIR. 

In  bringing  before  the  Institution  a  plan  for  a  new  kind  of 
Joint  Chair  for  Railways,  it  will  be  unnecessary  to  expatiate  on  the 
advantages  of  o,  Jirm  joint,  as  regards  economy  of  maintenance  of 
the  road  and  rolling  stock,  and  safety. 

The  object  of  tliis  Paper  is  to  describe  a  method  which  has  been 
in  use  on  a  crowded  part  of  the  London  and  North- Western  Rail- 
way for  above  eighteen  months,  during  which  time  it  has  stood 
well,  and  is  now  being  extensively    used  on  the  same  line. 

The  plan  is  to  cast  a  chair  or  coupling  on  the  rails  at  the 
joints  as  they  lie  in  the  line,  by  means  of  chills  and  a  portable 
cupola.  The  hot  metal  flowing  freely  into  the  chill  is  allowed  to 
come  inclose  contact  with  the  rails,  and  in  cooling  contracts  so  as 
to  grip  the  ends  of  the  rails  firmly  together.  The  great  object  to 
be  attained  is  the  converting  of  the  rail  into  a  continuous  girder, 
which  shall  not  deflect  at  the  joint  more  than  at  any  other  part ; 
every  successive  year's  experience  having  forced  the  attention  of 
engineers  and  others  to  this  point,  to  attain  which  many  plans  have 
been  tried  with  more  or  less  success. 

Whatever  mode  of  joint  is  adopted,  or  whatever  method  of 
joining  the  ends  of  rails,  it  is  necessary  that  a  certain  allowance 
should  be  made  for  the  longitudinal  motion  caused  by  the  expan- 
sion and  contraction  of  tlie  rail.  This  object  is  attained,  wherever 
necessary,  by  putting  the  chills,  previously  heated,  on  the  ends  of 
the  rails  for  a  short  time,  until  they  become  hot,  when  they  are 
taken  off  and  a  thin  wash  of  loam  and  blacking  is  laid  upon  the 
rail  end,  which  instantly  dries  on,  and  when  the  melted  iron  is 
poured  against  it  absolute  contact  with  the  rail  is  prevented. 
Although  provision  is  thus  made  for  the  expansive  and  contractile 
force  of  the  rail,  the  cavity  in  the  Chair  being  parallel  to  the  rail, 
clips  it  sufficiently  tight  to  prevent  any  vertical  or  lateral  motion  of 
the  rails ;  the  amount  of  surface  of  contact  between  the  rail  and 
chair  is  about  100  square  inches,  being  60  square  inches  to  each  rail 
end. 
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This  great  surface  prevents  any  perceptible  wear  taking  place 
on  the  rail  ends  from  the  longitudinal  motion  o£  expansion ;  and  as 
no  motion  can  take  place  vertically  or  lateraUy.  no  shock  can  take 
place  by  the  action  of  the  wheels,  so  that  the  joint  will  remain  good 
for  years,  which  has  been  confirmed  by  practice,  so  far  as  it  has 
gone. 

The  operation  of  casting  is  very  simple,  and  is  performed  with- 
out  hindering  the  passing  of  trains  during  the  execution  of  the 
work. 

The  apparatus  consists  of  chills  and  a  portable  cupola,  and  the 
process  is  as  follows,  when  operating  on  a  line  already  laid : — E»A 
joint  sleeper  or  block  is  first  lowered  by  the  platelayers  aboot  three 
mches,  so  as  to  give  room  foe  the  application  of  the  chills,  or  b 
removed  altogether  for  the  time,  and  the  old  chair  being  taken  off 
the  joint,  the  chills  are  applied,  shown  in  side  elevation  in  Fig.  10, 
Plate  ^1,  in  Plan,  Fig.  2,  and  in  Section,  Fig.  3,  consisting  of  a 
bed-plate  A,  with  two  lips,  one  on  each  side,  holding  down  the  aide 
chills  B  and  C,  which  slide  in  the  grooves  ;  these  are  put  to  the 
rail  and  held  together  by  the  screw  clips  E  E,  forming  a  mould  for 
casting  the  chair.  This  operation  is  quickly  performed,  and  the 
chill  is  then  packed  under  temporarily  with  loose  metal  plates ;  the 
moment  this  is  done  a  train  may  pass  over  it  without  hindrance. 

The  two  steel  pins  D  D  are  then  put  in  their  places  in  the 
chills,  and  form,  when  in  their  places,  the  cores  for  the  holes  of  the 
holding  down  spikes.  The  chill  mould  being  thus  Hastened  in  its 
place,  is  ready  for  tlie  melted  metal,  which  is  run  into  it  at  the  lip 
F,  until  it  is  level  with  the  top  of  the  sides  at  G,  which  is  a  large 
open  space  as  shown  on  the  Plan,  Fig.  2,  at  G,  and  by  allowing 
such  an  ample  space  for  the  escape  of  air,  this  prevents  allpossib'dity 
of  blowing. 

The  chills  are  made  to  fit  die  rails  by  a  projection  at  each  end. 
H  H,  which  grips  the  rail  firmly,  and  a  little  loam  is  applied  on  the 
outside,  to  prevent  the  hot  metal  making  its  way  out  of  the  chill 
mould. 

After  a  lapse  of  about  five  minutes  the  mould  is  taken  off,  which 
is  done  in  an  instant,  leaving  the  Chair  as  shown  in  Fig.  4,  an«i 

Digitized  by  VjOOQ IC 


ikPBOVED  JOINT  CUAIB.  103 

end  elevation,  Fig.  5.  Tiie  form  of  this  Chair  is  such  as  to  make 
it  a  strong  and  rigid  dip,  closely  fiuiog  the  two  ends  of  the  rail 
along  its  whole  length.  Oliairs  may  by  this  method  be  cast  of  any 
form.  When  the  Chair  is  cold  enough,  the  sleeper  or  block  is  re- 
placed, and  the  Chair  spiked  to  it. 

The  operation  is  the  same  in  relaying  new  roads,  only 
that  the  expense  of  lowering  or  removing  the  block  or  sleeper  is 
saved. 

The  metal  used  up  to  the  present  time  has  consisted  of  old 
chairs,  mixed  with  a  little  new  iron.  This  is  melted  in  a  portable 
cupola,  shown  in  elevation,  Fig.  8,  Plate  22,  and  plan,  Fig.  9;  it  is 
formed  of  a  cylinder  A  A,  of  sheet  iron  1.16th  of  an  inch  thick, 
d  feet  3  inches  in  diameter,  and  4  feet  0  inches  high,  lined  with  fire 
bricks  and  clay  B  B,  in  the  usual  manner,  4  inches  thick. 

The  cupola  weighs  about  6  cwt,  and  is  easily  lifted  by  the  work- 
men on  to  a  platelayer's  lorry,  and  taken  to  the  place  required,  when 
it  is  lifted  off  and  placed  on  a  few  sleepers  laid  on  the  slope  of  a 
cutting  or  embankment.  When  once  so  placed  it  will  serve  for 
half  a  mile  of  road  without  moving  again,  as  the  metal  is  so  hot  as 
to  enable  its  being  taken  in  a  moulder's  ladle  on  a  lorry  to  the  chills 
at  a  quarter  of  a  mile  on  each  side  the  cupola 

The  cupola  has  a  belt  or  air  chamber  at  C  C,  into  which  passes 
the  air  from  the  fan,  and  it  has  four  tuyeres  of  two  inches  orifice  to 
admit  the  air  to  the  fire.  The  fan  D  consists  of  a  chamber  1  foot 
10  inches  inside  diameter,  and  9  inches  wide,  and  weighs  about  3 
cwt ;  it  is  detached  from  the  cupola  by  drawing  out  the  nozzle  from  the 
entrance  to  the  air  belt,  and  can  th^n  be  lifted  separately  into  its 
place.  The  fan  is  either  turned  by  hand  winches  E  E,  or  when  the 
operations  are  extensive,  by  a  small  steam  engine,  Figs.  10  and  11, 
weighing  about  10  cwt.,  and  can  be  lifted  by  eight  men,  and  placed 
on  and  off  a  lorry  and  on  to  the  slope,  in  the  same  manner  as  the 
cupola. 

The  yield  of  metal  from  so  small  a  cupola  is  very  great :  as 
much  as  8}  tons  has  been  run  down  in  seven  hours  by  two  men 
taming  the  handles  of  tlie  fan,  and  nearly  4i  tons  by  the  use  of 
the  engine  in  the  same  time. 
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A  smaller  cupola,  weighing  about  '2  cwt.,  is  used  for  repairs  of 
the  line. 

A  good  fastening  is  made  for  middle  chairs  by  taking  out  the 
wooden  key  from  the  common  middle  chair,  and  casting  an  iron  one 
in  its  place,  as  shown  in  Fig.  6.  This  is  done  by  heaping  dry  saod 
round  the  Chair,  as  it  stands  in  its  place  at  1 1,  and  then  running 
metal  into  the  cavity  so  formed,  coloured  red  in  the  drawing,  leas- 
ing a  lip  projecting  over  the  Chair  at  KK ;  only  a  few  of  these  hare 
yet  been  put  down,  but  they  have  stood  the  test  of  two  years'  work- 
ing over  without  failure,  and  are  still  tight.  In  casting,  the  hot 
metal  running  into  the  Chair  expands  it,  and  its  contracting  upon 
the  cast  key  in  cooling  makes  it  tight 

It  may  be  remarked,  that  the  new  Chair  occupies  exactly  the 
same  position  on  the  sleepers,  and  has  the  same  fixing  as  the  com- 
mon Joint  Chair,  so  that  in  case  of  damage  to  the  line  from 
accident  or  slips,  it  can  be  repaired  quickly  in  the  ordinary  manner, 
by  using  the  old  Chairs  and  wood  keys  until  the  small  cupola  can 
be  brought  to  bear. 


Mr.  NoBRis  exhibited  specimens  of  the  Chairs  and  the  cast-iron 
Mould,  complete  ;  also  a  specimen  of  one  of  the  new  Joint  Chairs 
from  the  North  Union  Railway,  which  had  been  laid  down  for 
eighteen  months  in  a  line  of  great  traffic,  where  500,000  wheels 
had  passed  over  it  during  the  time ;  the  two  rail  ends  were  cut  oft 
and  remained  fixed  fast  in  the  chair,  and  the  surface  of  the  joint 
was  level  and  smooth,  although  the  rail  ends  had  been  much  in- 
dented at  the  time  the  chair  was  cast  on,  from  the  rails  having  been 
recently  turned. 

The  Chairman  inquired  what  length  of  line  had  been  tried  with 
the  new  chairs,  and  how  long  they  had  been  at  work  ? 

Mr.  NoRRis  replied,  that  five  miles  had  been  recently  laid  with 
these  chairs  near  Bugby,  and  about  a  mile  was  previously  laid  near 
Crewe,  and  elsewhere,  which  had  mostly  been  at  work  one  and  a 
half  years. 

Mr.  WooDHousE  said  the  recent  trial  of  the  chairs  near  Bugt»r 
had  been  made  under  his  superintendence,  and  ho  had  found  th^^ 
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result  highlj  satisfactory.  It  had  been  intended  to  relay  that  por- 
tion  of  the  line  during  the  present  summer,  but  the  new  Joint 
Chairs  had  proved  of  such  benefit,  that  they  would  probably  give 
several  years  additional  life  to  that  road.  He  consequently  recom* 
mended  the  adoption  of  the  plan  on  a  considerable  length  at  other 
parts  of  the  line,  which  was  now  in  progress. 

The  Chairman  asked  what  difference  was  felt  in  the  trains 
running  over  the  joints  on  the  portion  that  had  been  altered  at 
Rugby  2 

Mr.  WooDHOusE  said  the  joints  could  not  be  felt  at  aU  with  the 
new  chair&r;  there  was  no  comparison  of  the  ease  in  travelling  over 
the  old  plan  of  joints. 

The  Chairman  asked  what  was  the  usual  time  required  for  the 
process  of  casting  the  chairs  ? 

Mr.  WooDHCTusE  replied  that  the  average  of  the  work  done  at 
Rugby  was  about  one  chair  cast  every  four  minutes,  including  the 
whole  process  of  preparation. 

Mr.  Slate  remarked  it  was  certainly  a  very  ingenious  process  of 
casting  the  chairs,  and  must  make  a  thoroughly  firm  joint;  he 
inquired  what  was  the  expense  of  casting  ? 

Mr.  NoRRis  said  that  the  labour  of  casting  cost  about  sixpence 
per  chair,  and  the  cost  was  about  a  shilling  per  chair,  including  all 
expenses  except  the  metal,  which  weighed  about  501bs.  The  ex- 
pense of  casting  was  much  dii!ninished  as  the  men  got  more 
experienced  in  managing  it.  At  first  they  could  only  cast  40  chairs 
per  day,  but  the  rapidity  of  casting  increased  with  practice  to  80 
per  day,  and  now  120  per  day  were  cast  by  common  platelayers,  who 
had  never  before  had  anything  to  do  with  melted  iron. 

Mr.  Slate  said  he  had  seen  the  first  of  these  chairs  li  years  since, 
and  had  then  an  unfavourable  opinion  of  their  standing  in  work,  firom 
thereat  contraction  of  the  melted  metal  in  cooling  on  the  rigid  rail ; 
but  it  appeared  that  the  wroughtiron  rail  was  expanded  by  the  heat 
of  the  melted  metal  sufficiently  to  make  the  chair  safe  by  its  con- 
traction again  in  cooling.  He  thought  the  new  chair  made  a  very 
perfect  coupling  of  the  rail  ends,  and  was  a  great  improvement  on 
fishings  and  other  plans,  which  he  could  only  regard  as  make-shifts  ; 
and  though  they  had  a  very  good  effect  compared  with  the  previous 
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plan  of  having  nothing  to  ooaple  the  rails  together  at  the  joints. 
.  they  were  still  far  removed  from  perfection.     The  new  chair  might 
he  said  to  he  quite  perfect,  if  it  could  be  made  quite  hat  on  the  rail 
without  allowing  it  to  slide. 

Mr.  NoRRis  observed  that  only  every  third  or  foorth  joint  was 
made  a  slip-joint  for  expansion;  he  was  aware  what  a  great  ad- 
vantage it  would  be  to  have  no  slip-joints,  and  by  no  means 
maintained  that  to  be  impracticable ;  the  expansion  of  the  rails 
successively  by  the  heat  of  casting  the  chairs  on,  would  peihaps 
elongate  them  sufficiently  to  make  provision  for  the  expansion  from 
the  highest  temperature  they  would  be  afterwards  exposed  to,  and 
the  tension  would  then  resist  the  contraction  from  cold. 

Mr.  Mat  remarked,  that  Mr.  Brunei  had  now  many  mil^ 
length  of  Barlow's  rail  on  the  South  Wales  Railway,  all  riveted  tut 
together,  without  any  provision  for  expansion,  and  no  difficulty  was 
experienced  in  consequence.  There  was  some  misconception  on  this 
point,  respecting  the  action  of  expansion ;  it  was  limited  in  amount 
of  force,  and  if  opposed  by  a  greater  force  no  amount  of  expansion 
or  contraction  could  take  place.  Wrought-iron  raised  in  temper 
ature  1 5°  was  expanded  loiogth  of  its  length,  and  exerted  a  force  of 
one  ton  per  square  inch  of  section  by  the  expansion ;  consequentlj, 
no  expansion  of  the  rails  would  take  place  if  a  resistance  weie 
opposed  of  one  ton  per  square  inch  for  each  15**  rise  ol  t^mperators. 
He  thought  it  probable,  that  Mr.  Norris's  plan  ultimately  would 
require  to  have  no  expansion  joints  to  perfect  it,  and  in  many  cases 
he  did  not  doubt  the  plan  being  an  excellent  one. 

Mr.  James  Nasmtth  said  he  had  witnessed  the  whole  process  of 
casting  the  chairs,  and  fitting  on  the  iron  moulds,  and  coosidered 
it  a  very  successful  plan,  and  of  the  utmost  value  and  importance 
to  the  durability  of  the  line  as  well  as  to  the  safety  of  the  public 
llie  trains  ran  full  speed  over  the  red-hot  chairs  directly  after  they 
were  cast.  He  thought  the  slight  tortuosities  of  all  roads,  even  in 
the  straight  parts,  would  be  probably  found  sufficient  to  allow  for 
tbe  effect  of  expansion,  without  making  any  provision  of  slipjointi. 

Mr.  Mat  suggested  that  an  experiment  could  readily  be  tried  to 
ascertain  the  actual  amount  of  expansion  of  the  rails,  by  having  s 
number  of  thin  graduated  wedges,  to  be  dropped  into  the  joints  at 
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the  hottest  part  of  the  day  and  at  night,  to  measure  the  amount  of 
expansion  over  a  considerable  length  of  rail.  It  would  probably  be 
found  to  be  very  insignificant,  as  the  ordinary  chairs  offer  a  con* 
siderable  resistance  to  a  longitudinal  motion  of  the  rail,  by  the  hold 
of  the  keys  on  the  rail,  the  chairs  on  the  keys,  and  the  ground  on 
the  sleepers  ;  though  of  course  the  resistance  in  Barlow*s  rail  was  a 
different  case,  where  the  rail,  chair,  and  sleeper  were  all  one. 

Mr.  WooDHotJSE  remarked,  that  in  laying  the  rails  the  men  place 
small  wooden  or  iron  packing  pieces  1-1 6th  of  an  inch  thick  be- 
tween the  rul  ends  at  the  joints,  to  make  the  ordinary  allowance 
for  exp^sion,  and  they  always  find  that  if  these  pieces  are  put  in 
early  in  the  day  they  become  so  tight  in  the  middle  of  the  day  that 
they  cannot  be  got  out,  but  are  quite  loose  in  tlie  cool  of  the 
evening. 

The  Ghaibiian  observed,  there  was  no  doubt  the  expansive 
action  of  the  heat  wduld  always  produce  its  full  elfect,  either  by 
compressing  the  iron  of  the  rails,  or  producing  some  motion  or 
distortion  in  their  position. 

Mr.  NoBBiB  said  that  cases  had  occurred  of  the  road  becoming 
hog-backed,  rising  with  the  sleepers  out  of  the  biiUast,  from  the 
want  of  sufficient  allowance  for  expansion,  also  in  curves  the  rails 
and  sleepers  had  been  pushed  bodily  outwards  in  tlie  ballast  by  the 
efVeci  of  expansion.  The  extreme  change  of  length  in  this  country, 
from  80*»  or  90*  variations  of  temperature,  amounti^d  to  a  yard  per 
mile,  and  this  yard  length  must  be  disposed  of  somewhere  in  each 
mile,  either  by  sliding  or  tension,  or  else  by  bending  upwards  or 
laterally,  if  there  was  not  less  resistance  to  compresnion  of  the  iron. 

Mr.  G.  GowPBR  remso'ked,  that  the  extreme  change  of  tem- 
perature of  90*  would  cause  a  total  strain  on  the  irt>n  of  6  tons  per 
square  inch,  at  1  ton  for  15°,  which  amounted  to  the  very  severe  total 
force  of  40  or  50  tons  on  the  whole  sectional  ar<ja  of  the  rail  of 
7  or  8  square  inches,  to  overcome  any  supposed  resistance. 

Mr.  May  thought  the  change  of  temperature  in  the  rails  would 
be  considerably  less  than  that  of  the  air,  because  iliey  were  partly 
buried  in  the  ground,  and  must  therefore  follow  tlit;  temperature  «>!' 
the  surface  of  the  earth,  which  fluctuated  much  less  tlmn  that  of 
the  air. 
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Mr.  DucLOS  remarked,  that  the  expansion  or  contraction  of  the 
rails  would  only  take  place  from  the  mean  temperature  to  the 
maximum  or  minimum,  and  as  the  mean  temperature  of  the  air  in 
this  country  was  ahout  50'',  and  the  maximum  90<»,  making  a  change 
in  the  air  of  40^,  the  actual  change  in  the  rails  from  the  mean 
temperature  was  prohahly  less  than  30*",  causing  a  strain  of  not 
more  than  2  tons  per  inch  expansion  or  contraction. 

The  CfiAiKMAN  observed,  it  was  an  important  subject  for  co  n 
sideratiou,  whether  the  allowance  for  expansion  could  be  entirely 
dispensed  with ;  and  the  new  Chair  appeared  an  important  step  in 
that  direction,  and  might  lead  to  doing  away  with  longitudinal 
bearings. 

Mr.  NoBRis  said  that  his  attention  had  been  first  directed  to  the 
subject  of  this  Chair  about  two  years  since,  by  the  circumstance  of 
a  very  extensive  alteration  having  been  in  contemplation  from  the 
ordinary  rail  and  cross  sleepers  to  a  bridge  rail  on  longitudinal 
timbers,  the  alteration  being  proposed  entirely  on  the  ground  of 
obtaining  a  superior  coupling  of  the  joints  with  the  longitudinal 
bearing,  than  the  ordinary  rail  and  chair.  But  he  objected  to  the 
bridge  rail  and  longitudinal  timbers  as  more  expensive :  and  the 
idea  then  occurred  to  him  of  running  tlie  melted  metal  into  the 
chairs  to  fill  them  up  solid,  and  make  a  rigid  coupling  of  the  joint; 
and  this  led  him  to  casting  the  joint  chairs  solid  upon  the  rails  in 
their  places,  as  the  complete  way  of  carrying  out  the  objecL 

Mr.  WooDHOUBE  remaiked  that  the  process  of  casting  the 
Chairs  would  be  going  on  for  some  time  near  Weedon  and  Leigh- 
ton,  on  the  London  and  North- Western  Railway,  and  he  should  be 
glad  to  show  it  to  any  Member  who  might  wish  to  see  the  process. 

A  vote  of  thanks  was  then  passed  to  Mr.  Norris  for  his  Paper. 

The  meeting  then  adjourned. 
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PROCEEDINGS. 


October  26,  1853. 

The  General  Meeting  of  the  IVIembers  was  held  at  the  house  of 
the  Institution,  Newhall  Street*  Birmingham,  on  Wednesday,  October 
26th,  1853  ;  Charles  Beyer,  Esq  ,  Vice-President,  in  the  Chair. 

The  Minutes  of  the  last  General  Meeting  were  read  and  con- 
firmed. 

The  following  Members  were  put  in  nomination  for  the  election  of 
Council  and  Officers  of  the  Institution  at  the  next  Annual  Meeting. 
Nvhen  the  President,  Vice-Presidents,  and  five  of  the  Council  in  rotation 
would  go  out  of  office,  according  to  the  rules  of  the  Institution. 

PRESIDENT. 

William  Fairbaikn,       .  Manchester. 

VICE-PRESIDENTS. 

(Six  of  the  number  to  he  elected.) 

Samuel  H.  Blackwell,  Dudley. 

William  Buckle,  .  London, 

Edward  Jones,       .         .  Liverpool. 

Richard  Peacock,  .  *       .  Manchester. 

*JoHN  Penn,    .         .         .  London. 

John  Bamsbottom,  .         .  Manchester. 

*Archibaij>  Slate,  .         .  Dudley. 

Robert  Stephenson,  M.P.,  London. 

♦Joseph  Whitvs^oeth,         .  Manchester. 


COUNCIL. 

^Five  of  the  number  to 
♦Charles  Beyer,     . 
♦William  Buckle,    . 

James  Fenton, 

Benjamin  Goodfellow,   . 
♦Edward  Humphrys, 
♦Edward  Jones, 

James  Kennedy, 

Sampson  Lloyd, 
♦James  E.  McConnell,    . 

William  Mathews, 
♦William  A.  Matthews,  . 

Edward  Slaughter, 

treasures. 
♦Charles  Geach,  M.P.,    . 

secretary. 
Marshall,  . 


be  elected. ) 
Manchester. 
London. 
Leeds. 
Hyde. 
London. 
Liverpool. 
Liverpool. 
Wednesbury. 
Wolverton. 
Birmingham. 
Sheffield. 
Bristol. 

Birmingham. 


♦William  P.  Marshall,  .         Birmingham. 
(The  Officers  for  the  present  year  are  marked  *^^,^qq\(> 


110  PUMPING    ENOINE. 

The  following  paper,  by  Mr.  William  S.  Garland,  of  Soho,  Bir- 
mingham, was  then  read : — 

DESCRIPTION  OF  THE  NEW  PUMPING  ENGINES  AT 
THE  BIRMINGHAM  WATER  WORKS. 

The  subject  of  the  present  paper  is  a  description  of  a  pair  of  pomp- 
ing  engines,  manvifactured  by  Messrs.  James  Watt  and  Co.,  of 
Soho,  for  the  Birmingham  Water  Works  Company ;  and  the  inteotioa 
of  the  author  has  been  more  to  place  before  this  Institution  a  reooid  of 
well  and  successfully  executed  works,  rather  than  to  daim  any  piiti- 
cnlar  novelty  in  their  construction. 

These  Water  Works  were  established  in  the  year  1830,  and  the 
Company  then  erected  two  engines,  baring  cylinders  of  61  inches 
diameter,  and  8  feet  stroke,  each  working  two  pumps  of  18  inches  tod 
^0  inches  diameter,  and  of  6  feet  and  8  feet  stroke  respectively  to  the 
lower  levels  of  the  town,  or  working  one  pump  only  when  raising  miter 
to  the  upper  reservoir.  These  engines  were  found  of  sufficient  power 
for  the  necessary  supply  until  the  year  1850,  at  which  time  the  de- 
mand had  so  much  increased  that  the  Company  determined,  at  the 
recommendation  of  Mr.  Rofe,  their  engineer,  to  augment  their  estab- 
lishment by  the  addition  of  two  new  engines  of  greater  power  than 
the  old  ones. 

The  cylinders  of  these  engines  are  of  72  inches  diameter  and  10 
feet  stroke,  working  a  pump  of  23  inches  diameter,  also  of  10  feet 
stroke,  under  a  head  of  252  feet,  which  with  the  bends  in  the  main  and 
friction  is  equal  to  a  total  resistance  of  285  feet,  and  to  a  load  upon  the 
plunger  of  124  lbs.  per  square  inch,  or  upon  the  steam  piston  of  13  lbs. 
per  square  inch.  The  weight  upon  the  plunger  required  to  overoome 
the  loltd  upon  the  air  pump,  the  friction  of  the  engine,  and  to  maintun 
a  velocity  of  10  strokes  per  minute,  is  nearly  26^  tons,  which  is  equal 
to  142  lbs.  per  square  inch  upon  the  area  of  the  23  inch  plunger,  and 
1 4^  lbs.  upon  the  piston  ;  the  power  therefore  of  each  engine  when 
making  10  strokes  per  minute  is  equal  to  180  horses;  and  the  total 
power  which  the  Company  now  have  for  supplying  the  borough  is  equal 
to  530  horses. 

Fig.  ],  Plate  23,  shows  a  general  elevation  of  one  of  the  engines, 
and  Fig.  2,  Plate  24,  is  a  plan  showing  both  the  engines.     The  cylin- 
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ders  AA  bare  steam  cases,  and  are  enclosed  in  a  covering  of  felt, 
having  an  outside  casing  of  wood,  feB,  (as  shown  upon  a  larger  scale  in 
Fig.  3,  ttate  25,)  to  prevent  the  radiation  of  heat,  and  the  top  of  the 
icjlinder  and  upper  nozzle  are  covered  in  a  similar  manner. 

^i^.  8  shows  a  vertical  section  of  the  cylinder,  with  its  piston  and 
rod,  and  side  section  of  the  nozzles.  Fig.  4  is  a  front  section  of  the 
noziles,  showing  the  steam- valve  C,  equilibrium- valve  D,  and  exhaus- 
tion-valve E.  These  valves  (shown  to  a  larger  scale  in  Fig.  6, 
are  13,  15,  and  18  inches  diameter  respectively,  and  of  the 
double-heat  construction,  by  which  the  principal  part  of  the  pressure 
that  the  common  conical  valve  is  subject  to  is  removed.  The  steam 
governor  valve  F  is  made  of  the  single  conical  form,  (there  being  no 
necessity  for  making  this  valve  upon  the  double-beat  principle,)  and  it  is 
l^gulated  by  a  screw  and  wheel  handle. 

The  load  upon  these  engines  is  a  variable  one,  to  the  extent  of  the 
difference  of  the  dead  level  of  the  upper  reservoir  and  the  amount  of 
friction  of  the  water  in  transitu,  and  it  sometimes  happens  that  the 
water  is  being  drawn  off  faster  than  the  engine  supplies  it,  and  the  ve- 
locity of  the  water  beyond  where  the  great  draught  occurs  is  conse- 
quently decreased,  and  the  resistance  proportionably  diminished. 

To  prevent  any  accident  to  the  engine  by  going  out  too  suddenly, 
in  consequence  of  this  diminished  resistance,  a  throttle- valve  G  is 
placed  between  the  upper  and  lower  nozzle,  and  in  the  pipe  communi- 
cating with  the  top  and  bottom  of  the  cylinder,  which  is  regulated  in  its 
opening  by  a  screw  and  wheel  handle  in  a  similar  manner  to  the  steam 
governor  dr  throttle-valve,  and  by  thus  contracting  the  passage,  or  in 
other  words,  wiredrawing  the  equilibrium,  the  equalization  of  pressure 
between  the  top  and  bottom  of  the  cylinder  is  more  slowly  formed,  dur- 
ing the  tirne  the  plunger  is  descending,  to  the  -extent  the  weight  is  in 
excess  of  the  diminished  resistance.  In  these  engines  this  valve  has 
been  found  of  invaluable  service,  and  it  will  even  hold  the  plunger  at 
the  top  of  the  stroke.  It  acts  exactly  like  putting  on  a  break  to  a  crane 
when  lowering  a  weight,  without  absorbing  any  power  or  causing  any 
disturbance  to  the  working  of  the  engines.  The  piston  is  represented 
in  Fig.  d  as  descending,  or  what  is  technically  called  making  its  in. 
door  stroke,  and  the  steam  and  exhaustion  valves  are  open,  and  the 
equilibrium. valve  closed.  Digitized  by  CjOOglC 
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In  Fig.  4  tbe  steam  governor  Talve  F  and  the  equilibrinm  goTeniar 
yalve  G  are  represented  as  wide  open. 

The  opening  of  the  steam,  injection,  and  exhaustion-TalTes  is  lego- 
lated  by  a  cataract,  and  the  speed  of  the  engine  is  thus  under  the 
control  of  the  engine-man.  The  equilibrium -yalve  is  opened  by 
quadrant  catches,  and  is  dependent  upon  the  closing  of  tbe  exhaustion- 
valve,  the  former  being  opened  upon  the  closing  of  tbe  latter,  and  ia 
shut  in  the  usual  manner  by  a  tappet  upon  the  plug-rod. 

The  injection- valve  is  also  made  upon  the  double-beat  principle,  to 
render  the  strain  upon  the  exhausdon-valve  spindle  as  little  as  possible, 
by  relieving  it  of  all  unnecessary  pressure,  the  underside  of  it  being 
open  to  the  condenser. 

In  the  event  of  the  bursting  of  any  pipe  in  the  main,  and  the  re- 
sistance to  the  plunger  being  suddenly  removed,  a  detent  is  fixed  upon 
the  plug- rod,  to  prevent  the  repetition  of  a  blow  upon  the  spring  beams 
by  tbe  catch  pins.  This  detent  comes  into  action  upon  the  engine 
making  more  than  its  usual  length  of  working  stroke,  by  holding  tbe 
steam-handle  down,  and  thus  preventing  the  opening  of  tbe  steam 
valve.  This  adjunct  to  the  hand  gear,  though  it  may  never  be  brought 
into  operation  from  such  to  occurrence,  would  evidently  be  of  great 
value  in  such  a  case. 

In  Figs.  1  and  2  is  shown  the  air-pump  H  and  condenser  I ;  tbe 
former  is  of  34  inches  diameter  and  6  feet  stroke,  and  the  latter  is  of 
similar  capacity.  The  air-pump  bucket  is  fitted  with  a  brass  annokr 
or  ring  valve,  and  the  delivery  and  foot  valves  are  of  the  usual  const^l^ 
tion,  or  what  are  termed  flap,  valves.  A  vacuum  is  obtained  varying 
from  37  to  29  inches,  according  to  the  state  of  the  atmosphere. 

Each  engine  has  its  separate  condenser  cistern,  formed  of  cast-iron, 
which  is  supplied  by  a  cold-water  pump  of  ISj^  inches  diameter  and 
making  5  feet  stroke. 

The  feed-pump  W  is  of  6j^  inches  diameter, and  2  feet  6  inches  stroke, 
fitted  with  an  air-vessel,  shown  in  Figs.  I  and  2. 

The  main  pump,  with  its  suction  and  delivery  pipes  and  air  vessel 
is  shown  in  Figs.  1  and  2,  and  a  section  to  a  larger  scale  is  given  in 
Fig.  7,  Plate  26.  The  plunger  K,  as  before  stated,  is  23  inches 
diameter,  and  of  the  same  length  of  stroke  as  the  steam  piston,  m„  10 
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feet.  The  suctaon-yalTes  LL,  and  delivery-valves  MM,  (shown  en- 
larged in  Fig.  6,)  are  of  the  double-beat  kind,  and  fitted  in  pairs  for  the 
purpose  of  giving  additional  security  to  the  action  of  the  pump  in  the 
event  of  one  of  them  sticking  or  becoming  otherwise  deranged.  They 
are  of  cast-iron,  and  their  beating  faces  are  con^posed  of  a  mixture  of 
tin  and  lead,  which  is  run  into  a  dovetail  recess  turned  in  the  cast-iron 
seat,  and  thereby  becomes  perfectly  fixed.  The  water-way  through 
these  valves  is  of  the  same  area  as  the  plunger,  and  the  lift  of  them  is 
about  d  inches,  the  blow  when  shutting  being  scarcely  perceptible. 
These  valves  were  taken  out  after  6  months'  work,  and  the  beating 
faces  of  them  were  found  to  be  as  perfect  as  when  they  were  first  put 
in. 

The  air  vessel  N  is  7  feet  internal  diameter  and  18  feet  high,  or  16 
feet  high  above  the  delivery  branch  into  the  main,  and  it  is  replenished 
with  air  by  a  separate  pump  O,  of  6  inches  diameter  and  3  feet  6  inches 
stroke,  shown  in  Figs.  1,2,  and  7.  An  air-cock  P  is  fixed  upon  the 
suction  pipe  of  this  pump,  by  which  the  necessary  quantity  of  air  to  be 
supplied  is  regulated.  This  cock  only  requires  to  be  partially  open, 
and  when  closed  entirely,  the  pump  lifts  water  only. 

The  air-vessel  is  of  great  importance,  as  by  its  equalizing  action  the 
motion  of  water-in  the  mains  is  rendered  continuous,  and  a  less  weight 
in  consequence  is  required  to  give  the  necessary  velocity  to  the  descent 
of  the  plunger  in  the  outdoor  stroke.  At  the  top  of  the  pump-plunger 
is  fixed  the  pole  case,  containing  the  necessary  weights  to  overcome  the 
load  or  resistance,  and,  as  before  stated,  is  equal  with  the  plunger  and 
rod  to  about  26j^  tons. 

Upon  the  first  delivery  pipe  joining  the  air-vessel  is  fixed  a  safety 
discharge-valve  Q,  Fig.  2,  of  6  inches  diameter,  loaded  by  a  lever  and 
weight  a  little  above  the  pressure  upon  the  main,  to  prevent  any  undue 
force  being  thrown  upon  the  pump  from  the  accidental  shutting  of  the 
sluice  cocks  between  the  engines  and  the  town. 

The  main  lever  or  working-beam  RR^  Fig.  1,  is  80  feet  long,  cast 
in  2  plates,  each  of  8  inches  in  thickness,  and  the  depth  of  it  in  the  - 
middle  is  6  feet,  and  at  the  ends  3}  feet.     Each  of  the  plummer  blocks 
has  saddles  of  cast-iron  between  them  and  the  wooden  spring  beams 
SS,  which  latter  are  30  inches  deep  and  20  inches  wide,  of  the  best 
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Memel  timberi  and  formed  of  6  piec^  in  section,  bolted  and  bound 
together  with  wtought-iron  8tra|>s.  These  beams  are  carried  hj  the 
lever  wall  T,  and  by  the  end  wallis  of  the  house. 

The  catch-pins  UU  are  of  wrought-iron.  The  jmrtdlel  motions  W 
are  of  the  usual  kind,  which  require  no  further  explanation  than  what 
is  shown  in  the  drawibg  of  the  general  eleination  of  the  engmes. 

It  may  be  interesting  to  state,  that  the  quahtitj  of  water  lifted  bj 
every  stroke  of  each  etgine  is  equal  to  180  gallons,  or  1800  gallon*  per 
minute,  and  108,000  gallons  per  hour,  weighing  upwards  of  483  tous 
lifted  in  each  hour. 


Mr.  Garland  explained  the  drawings  of  the  engine  and  pnmp,  and 
stated  that  the  first  engine  was  started  in  July,  185^,  and  the  dnd  in 
April,  1853. 

Mr.  CowPBB  inquired  whether  it  had  been  found  requisite  to  bare 
double  valves  to  the  pumps  from  any  accidents  having  happened,  as 
there  would  be  the  disadvantage  of  an  additional  load  on  the  piston  to 
lift  the  extra  valves,  which  would  probably  amount  to  1  lb.  per  square 
inch?  He  thought  the  area  of  the  valvM  was  large  and  supposed  the 
object  was  to  diminish  the  height  of  their  lift. 

Mr.  Garland  said  no  difficulty  had  been  expetieneed  with  the 
valves ;  the  double  valves  were  only  adopted  as  a  measure  of  precau- 
tion, for  obtaining  additional  security  to  the  action  of  the  pump  working 
under  such  a  heavy  pressure. 

Mr.  Eamsbottom  asked  what  pressure  of  steam  was  employed,  and 
whether  it  was  worked  expansively  ? 

Mr.  Garland  said  that  the  pressure  of  steam  was  12  lbs.  per 
square  inch,  and  it  was  cut  off  at  ^rd  of  the  stroke,  expanding  thioagh 
frds. 

Mr.  Ramsbottom  observed,  that  as  there  was  a  constant  weight  on 
the  plunger  to  force  the  water,  and  the  steam  was  employed  only  to 
lift  that  weight,  there  appeared  no  provbion  for  variation  in  the 
resistance  to  be  overcome. 

Mr.  Garland  replied,  that  the  load  on  the  engine  was  constant,  ex- 
cept the  variation  in  friction  of  the  water  in  the  mains,  according  to 
the  level  at  which  the  greatest  discharge- of  water  happened  to  be  tak- 
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ing  place,  the  water  being  always  forced  against  the  head  of  the  upper 
reservoir  at  the  highest  part  of  the  town,  which  was  ^52  feet  above  the 
engine.  The  only  difference  made  would  be  in  the  speed  of  the 
engine ;  the  usual  speed  was  1 0  strokes  per  minute,  equal  to  200  feet 
per  miiiUte  average  speed  of  the  steam  piston  and  the  pump  plunger. 
The  actual  pressure  of  water  on  the  pump,  134  lbs.  per  square  inch,  as 
named  in  the  paper,  was  measured  by  a  Bourdon's  ga.uge,  fix;ed  in  the 
engine  house ;  and  there  was  found  to  be  veiy  little  fluctuation  in  the 
pressure,  the  variation  rarely  amounting  to  5  l^s.  per  inch. 

Mr.  Hamsbottom  inquired  what  duty  had  been  obtained  by  thei 
engines,  from  the  coal  consumed  ? 

Mr.  Gabland  said  that  the  actual  duty  had  not  been  ascertained, 
because  the  only  fuel  used  was  Staffordshire  coal-slack  ;  and  as  its  evapo- 
rative value  compared  with  the  best  Welch  coal  (which  was  invariably 
use4  in  testing  the  duty  of  a  pumping  engine)  was  not  known,  there  had 
been  no  opportunity  of  obtaining  a  definite  result  as  to  duty. 

Mr.  CowpER  remarked,  that  the  steam  pressure  was  small  as  compared 
with  the  ComiBh  pumping  engines,  and  he  considered  that  a  higher 
pressure  would  be  more  economical.  He  thought  the  pump  appeared 
large  for  keeping  the  air-vessel  supplied  with  air,  and  inquired  whether, 
it  had  been  found  necessary  ? 

Mr.  Garland  said  the  pipes  from  this,  pump  were  found  to  get  hot 
if  sufficient  water  was  not  pumped  with  the  air^  from  the  quantity  of 
heat  liberated  from,  the  air  under  so  great  a  compression^  which  was  other- 
wise carried  off  by  the  water  mixed  with  the  air ;  and  there  was  no 
objection  in  leaving  the  pump  large,  as.  the  extra  power  for  working 
it  was  spent  usefully  in  pumping  water. 

Mr.  Hamsbottom  asked  whether  any  experiments  had  been  tried  to 
ascertain  the  proportion  of  air  absorbed  by  the  water,  as  it  was  an  op- 
portunity from  which  some  interesting  results  might  be  obtained  ? 

Mr.  GABLAin)  replied  that  the  experiment  had  not  been  tried,  but 
the  quantity  of  air  absorbed  was  certainly  considerable  in  amount  under 
that  pressure. 

The  Chairmak  inquired  about  the  construction  and  working  of  the 
pump-valves  and  valve-seats  ? 

Mr.  Garland  said  the  valves  were  cast-iron,  with  faces  and  seats  of 
a  composition  of  tin  and  lead  run  into  a  dovetailed  groove,  which  was 
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found  to  be  just  the  right  degree  of  softness,  and  appeared  to  stand 
better  than  any  other  material. 

Mr.  CowpER  thought  that  composition  was  certainlj  the  best  for  the 
purpose  ;  wood  faces  had  been  originally  used  by  Harvey  aod  West  in 
their  double-beat  valves,  but  the  valves  were  now  much  improved  by  using 
the  tin  and  lead  faces,  which  adjusted  themselves  accurately  in  work, 
and  were  very  durable.  He  thought  the  form  of  valve  shown  in  the 
drawings  was  originally  due  to  Mr.  Slate. 

Mr.  Gablakd  said  he  believed  that  form  of  valve  was  originally 
designed  by  Mr.  Slate. 

Mr.  CowPEB  remarked,  that  he  thought  it  was  preferable  to  make 
a  pumping  engine  double-acting,  on  the  bucket  and  plunger  plan,  with 
the  plunger  half  the  area  of  the  bucket,  so  as  to  pump  half  the  water 
in  the  up-stroke  and  half  in  the  down-stroke,  enabling  an  eugine  and 
pump  of  half  the  size  to  do  the  same  work ;  also  to  add  a  crank  and  fly- 
wheel, and  work  at  a  higher  speed,  which  further  reduced  the  size  and 
cost  of  engine  and  pump.  In  one  instance  that  he  knew,  there  were 
four  150  horse  power  engines  on  this  plan  working  very  satisikctorily, 
from  12i  to  21  strokes  per  minute,  with  7  feet  length  of  stroke.  But 
he  considered  the  horizontal  engine  vrith  direct-acting  pump  and  cnnk. 
was  the  most  advantageous  and  economical  when  the  water  to  be 
pumped  was  near  the  engine-house  floor. 

The  Chaibmak  observed  that  it  was  an  important  subject,  and  the 
paper  read  was  of  much  interest,  from  its  practical  nature :  it  was 
important  for  the  Institution  to  obtain  such  papers,  as  accurate  descrip- 
tions of  machinery  that  had  been  executed  and  worked  saocessfully. 
He  proposed  a  vote  of  thanks  to  Mr.  Garland  for  his  paper,  which  was 
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The  following  paper,  by  Mr.  Robert  Waddell,  of  Liverpool,  was 
then  read: — 

ON  AN  ESCAPE  WATER-VALVE,  AND  A  GOVERNOR  FOR 
MARINE   STEAM  ENGINES. 

The  horizontal  engine  has  of  late  years  become  a  favourite 
engine  in  the  British  Navy,  for  the  serew  steam  ships  have  the 
advantage  of  being  better  protected  from  shot  than  the  vertical 
engine,  as  the  horizontal  engine  can  be  placed  in  the  ship  entirely 
under  the  water  line  ;  tlie  boilers  are  also  kept  as  much  under  the 
water  line  as  possible,  for  the  same  purpose.  All  boilers  are  liable  to 
prime,  more  or  less,  but  when  tliey  are  confined  in  the  height  of  steam 
room,  they  are  more  apt  to  do  so,  as  in  this  case,  and  carry  a  con- 
siderable portion  of  water  from  the  hollers  into  the  cylinders  along 
with  the  steam. 

Water  in  the  cylinders  has,  no  doubt,  been  the  cause  of  more 
accidents  to  engines  than  anything  else,  and  many  cases   occur  of 
the  bottoms  of  cylinders  being  forced  out,  pistons  broken,  piston- 
rods  bent,  and  side-l^ers  broken,  —all  from  the  effects  of  water  in 
the  cylinder. 

This  can  easily  be  accounted  for,  from  the  great  power  the  one 
engine  has  over  the  other  when  water  accumulates  in  the  cylinder ; 
the  two  engines  being  connected  together  in  right  angles,  if  a  few 
inches  of  water  has  got  into  one  cylinder,  which  will  prevent  the 
piston  from  getting  to  the  end  of  its  stroke,  the  opposite  engine 
wilf  be  near  half-stroke,  at  which  point  it  gives  out  the  greatest 
power,  as  the  piston  and  crank  are  travelling  near  the  same  velocity, 
while  the  piston  of  the  first  engine,  from  the  position  of  the  crank, 
is  nearly  at  a  stand ;  then  the  power  of  the  second  engine,  exerted 
to  compress  the  water,  will  be  in  proportion  to  the  difference  of 
velocity  of  the  two  pistons,  plus  the  momentum  of  the  engine. 
The  fly-wheel  of  the  land  engine  acts  on  it  in  the  same  way  when 
the  engine  is  turning  its  centre. 

Escape  water  valves  have  been  applied  on  cylinders  to  take  off 
the  water,  to  prevent  accidents  taking  place  from  the  accumulation 
of  water  in  them,  but  with  little  success.     The  fault  oi^  the  ardi- 
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nary  escape  water-valve  is  its  being  loaded  like  a  safety-valve*  so 
that  DO  water  can  leave  the  cylinder  till  the  piston  forces  it  out, 
and  then  the  strain  is  very  severe,  from  the  small  area  that  the  water 
has  to  pass  through,  which  causes  the  dams^e  to  the  o.ngine. 

The  object  of  the  improved  Escape- Valve,  described  in  the  pre- 
sent paper,  is  to  draw  the  water  off  the  cylinder  throughout  the 
stroke,  and  not  allow  it  to  accumulate,  as  with  the  ordinary  escape- 
valves,  till  the  piston  strikes  the  water.  The  construction  of  the  valve 
is  shown  in  Plate  27.  Fig.  1  is  a  horizontal  cylinder,  withan  eseape 
water-valve  attached  to  each  end,  to  the  flange  G,  shown  separately  in 
Fig.  2.  B  is  a  small  cylinder  attached  at  G ;  F  is  a  float 
inside  the  cylinder,  a  spindle  passes  through  the  float,  and  is 
attached  to  it.  A  and  C  are  two  conical  valves  nearly  in  equili- 
brium, attached  to  the  spindle  with  nuts  at  top  and  bottom  of  the 
cylinder  ;  the  top  valve  A  is  made  like  a  piston  on  the  under  side, 
so  that  when  it  leaves  its  seat  it  will  prevent  a  great  rush  of  steam 
from  passing.  It  is  also  made  slightly  larger  than  the  lower  valve 
C,  so  that  the  pressure  of  steam  will  assist  in  raising  the  valves, 
and  a  small  accumulation  of  water  about  the  float  will  open  the 
valves  ;  that  is,  suppose  the  float,  valves,  and  spindle  weigh  50  lbs. 
for  the  largest  size  of  engine,  and  the  pressure  of  steam  in  the 
boilers  not  to  exceed  15  lbs.  per  square  inch,  and  the  top  valve  t^ 
be  3  inches  more  area  than  the  bottom  ;  then  there  will  be  8  times 
15zz45  Ibs.excess  of  pressure  on  the  upper  valve,  being  within  a  few 
pounds  of  raising  the  valves,  without  any  water  about  the  float.  The 
float  should  be  made  with  sufficient  buoyancy  to  raise  the  valves 
when  there  is  no  pressure  of  steam  to  assist. 

It  will  be  seen  from  the  construction  that  when  water  enters  the 
small  cylinder  from  the  steam  cylinder,  the  float  is  buoyed  up, 
opening  the  valves  and  allowing  the  water  to  escape  through  the 
bottom  of  the  small  cylinder.  There  is  a  hole  in  the  spindle  to 
carry  off  any  water  that  might  collect  in  the  float. 

The  top  valve  is  made  larger  than  the  bottom  one  to  answer  two 
purposes,  namely,  for  the  pressura  of  the  steam  to  assist  in  raising 
them  when  a  small  quantity  of  water  comes  about  the  float ;  and. 
secondly,  when  a  vacuum  is  formed  in  the  cylinder  tlic  valves  arp 
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kept  shut  by  the  atmospheric  pressure  being  greater  on  the  top 
valve  than  the  bottom  one ;  this  will  be  the  case  if  a  great  quantity 
of  water  enters  the  steam  cylinder,  the  valves  will  then  be  kept  open 
running  it  off,  until  the  exhaust  takes  place. 

The  drawings  show  an  escape-valve  suited  to  a  400-horse  power 
CDgine,  with  9d-inch  steam  cylinder ;  the  escape-valves  will  then  be 
about  6  inches  diameter,  and  tlxe  float  about  13  inches  ;  this  will 
give  the  float  sufficient  buoyancy  to  rise  and  open  the  valves  before 
it  is  entirely  covered  with  water,  besides  the  assistance  of  the  differ- 
ential steam  pressure  on  the  valves. 

A  Marine  Engine  Governor  to  check  the  admission  of  steam 
when  the  engine  runs  away  from  the  water,  leaving  the  wheels  or 
screw,  is  much  required.  The  ordinary  governor  has  been  tried  for 
the  purpose,  but  was  found  not  to  answer,  as  its  action  is  too  slow 
in  shutting-off  and  lettingon  steam  ;  also  the  pitching  and  rolling 
of  the  ship  in  a  heavy  sea  is  very  much  against  its  action,  and  from 
these  defects  it  has  been  abandoned. 

The  ordinary  method  that  is  adopted  at  present,  when  the  en- 
gines are  racing  in  a  heavy  sea,  from  the  water  leaving  the  wheels 
or  the  screw,  is  for  the  engineer  either  to  close  the  throttle-valve 
to  the  required  extent,  to  prevent  the  racing,  or  stand  by  the 
engines,  with  the  throttle- valve  handle  in  his  hand,  watching  the 
motion  of  the  engines,  to  shut  off  the  steam  when  the  engine  rans  off, 
and  let  it  on  when  the  wheels  take  hold  of  the  water.  In  a  voyage 
across  the  Atlantic  this  has  often  to  be  done  for  several  days,  night 
and  day;  because  closing  the  throttle-valve,  and  allowing  the 
engines  to  go  all  the  time  throttled,  when  the  wheels  are  in  the 
water  as  well  as  out,  diminishes  the  speed  of  the  ship  to  a  great 
extent.  When  the  wheels  leave  the  water,  the  steam  that  passes 
into  the  cylinders  is  lost,  as  the  engines  have  nothing  to  absorb 
their  power,  besides  the  liability  to  break  down  the  engines  if  they 
are  allowed  to  race  to  any  extent. 

The  Governor  described  in  the  present  paper  can  be  used 
equally  as  well  on  land  engines  as  on  marine,  where  the  work  they 
are  doing  is  not  of  a  steady  nature,  such  as  driving  a  rolling-mill 
or  a  saw-mill,  &c.     When  the  saws  leave  the  log,  or  the  iron  leaves 
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the  roUsy  the  engine  has  nothing  to  ahsorb  the  power,  and  will  ran 
off  before  the  ordinair  gOTenior  will  shnt-off  sufficient  steam,  its 
action  being  too  slow  for  sach  sadden  changes. 

The  proposed  Governor  is  shown  in  Figs.  3  and  4,  Plate  37, 
applied  to  the  steam-pipe  to  act  npon  the  ordinary  throttle-valTe, 
or  a  separate  yalve  may  be  fitted  for  it  A  A  is  the  steam-pipe,  and 
B  the  throttle-Talre ;  C  is  a  small  cylinder  fitted  with  a  piston  and 
rod,  and  bolted  to  the  steam-pipe;  the  ends  of  the  cylinder  are  con- 
nected to  the  steam-pipe  by  two  pipes,  one  aboTO  and  the  other 
below  the  throttle>yalye.  When  the  engine  runs  awaj,  in  eonse- 
qnence  of  the  diminished  resistance  of  the  water,  firom  the  whet  Is 
or  screw  being  out  of  the  water,  the  pressure  of  the  steam  is  also 
diminished  by  being  wire-drawn  by  the  throttle-valve ;  conseqnentlj. 
on  the  upper  side  of  the  piston,  we  have  the  pressure  the  same  as 
in  the  boilers,  and  on  the  under  side  tlie  diminished  pressure  due 
to  the  sudden  expansion  of  the  steam,  in  flowing  into  the  cylinders. 
The  effect  is  to  depress  the  piston  C,  and  shut-off  the  steam  from 
the  engines,  by  partially  closing  the  throttle-valve ;  but  when  the 
pressure  becomes  equal,  or  nearly  so,  on  both  sides,  the  piston  is 
raised,  and  the  valve  opened  by  the  spiral  spring  S.  The  stops  fl 
on  the  lower  end  of  the  piston-rod  can  be  adjusted  by  set  screir% 
to  allow  the  throttle- valve  to  be  opened  and  closed  to  the  lequired 
amount. 

It  will  be  seen  by  examining  the  Governor,  that  when  the 
throttle-valve  is  closed,  it  will  remain  so  if  time  is  not  allowed  for 
the  space  between  the  valve  of  the  engine  and  the  throttle- vaWe  to 
get  filled  to  the  same  pressure  as  above  the  valve,  so  that  an  equili' 
brium  of  pressure  may  take  place  on  the  piston,  tlicn  the  spring 
will  open  the  valve  ;  if  tlie  throttle-valve  opens  too  soon,  the  stop 
H  must  be  altered,  to  allow  the  throttle- valve  to  close  further,  so 
that  the  space  between  the  throttle-valve  and  the  engine  valve  wili 
take  longer  to  fill,  and  the  reverse  if  it  opens  too  soon. 


A  working  model  of  the  escape  water- valve  was  exhibited;  *and  the 
Secretary  explained  that  the  author  had  been  prevented  from  attending 
the  meeting,  having  just  started  for  America  in  the  steamer  of  which 
he  was  the  engineer. 
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The  Chaiiihan  observed,  that  the  governor  appeared  capable  of 
more  general  application,  and  suitable  for  iron  works  as  well  as  marine 
engines. 

Mr.  OowPER  thought  the  governor  might  prevent  many  accidents 
in  iron  works  from  carelessness  of  enginemeu  leaving  their  engines, 
bj  checking  the  increase  of  speed  in  the  case  of  a  sudden  diminution 
of  load  on  the  engine. 

Mr.  Benjamin  Gibbons  said  that  the  common  governor  was  found 
sufficient  for  this  purpose,  as  power  was  absorbed  bj  the  very  large 
niass  of  matter  in  motion  in  the  heavy  fly-wheels  and  gearing,  which 
prevented  any  sudden  change  of  velocity  from  taking  place.  The 
proposed  governor  would  certainly  act  very  sensitively,  and  was  an 
ingenious  and  simple  contrivance. 

The  Chairman  observed  that  the  water- valve  would  be  an  improve- 
ment on  the  ordinary  escape-valve,  from  its  constantly  drawing  ofif  the 
\?at6r,  and  preventing  any  accumulation  in  the  cylinder. 

Mr.  Gibbons  thought  the  escape  water- valve  a  good  plan  for 
horizontal  cylinders,  such  as  marine  screw  engines,  but  it  was  not 
suitable  for  vertical  cylinders,  which  were  mostly  in  use. 

Mr.  Clift  inquired  what  provision  was  usually  made  in  vertical 
cylinders  for  the  escape  of  the  water  ? 

Mr.  Gibbons  said  there  was  no  provision  made  for  its  escape,  except 
flowing  through  the  ordinary  steam-ports  along  with  the  steam,  at  the 
top  and  bottom  of  the  cylinder. 

Mr.  Eamsbottom  said  he  had  known  much  trouble  to  be  caused 
with  vertical  cylinders  by  the  accumulation  of  water,  from  the  want  of 
provision  for  carrying  it  off.  The  proposed  escape- valve  appeared  likely 
to  be  advantageous  in  the  case  of  horizontal  cylinders,  by  preventing 
the  accumulation  of  water ;  but  in  vertical  cylinders  it  could  only  act 
fully  at  the  lower  end,  as  the  water  at  the  upper  end  could  not  be 
drained  off  except  at  the  moment  of  the  piston  arriving  at  the  top  of 
its  stroke. 

Mr.  CowPER  thought  there  would  be  an  objection  to  the  application 
of  the  escape-valve,  from  air  being  drawn  in  a  little  at  each  stroke, 
because  there  must  be  some  interval  of  time  during  the  closing  of  the 
valve  by  descent  of  the  float ;  and  although  assisted  by  an  excess  of 
pressure  downwards,  from  the  top  valve  being  a  little  larger  area  than 
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the  bottom  one,  the  closing  could  not  be  instantaneous ;  and  at  erery 
eduction  stroke,  air  would  be  drawn  in  a  little  through  the  water  at  the 
bottom  valve,  as  well  as  through  the  leakage  of  the  upper  valve. 

The  Chairman  said  thej  would  be  glad  to  have  the  results  of  prac- 
tical trials  of  the  governor  and  escape- valve ;  and  proposed  a  vois  of 
thanks  to  Mr.  Waddell,  which  was  passed. 


The  following  paper,  bj  Mr.  John  Eamsbottom,  of  Manchester,  wa3 
then  read : — 

DESCRIPTION    OF   AN  IMPROVED  COKING  CRANE  FOR 
SUPPLYING  LOCOMOTIVE   ENGINES. 

This  Coking  Crane  was  designed  by  the  writer  about  two  jears  ago, 
in  consequence  of  the  great  wear  and  tear  of  coke  skips  used  for  coking 
engines,  at  the  Manchester  Station  of  the  London  and  North- Western 
Railway,  and  the  necessity  that  then  more  particularly  existed  fo 
coking  the  engines  in  the  least  possible  time,  owing  to  the  limited 
space  there  was  then  for  the  traffic.  The  crane  is  shown  in  Plate  "2^- 
and  consists  essentially  of  a  large  wheel  or  circular  rim  20  feet  in  diam^ 
ter,  made  of  iron  segments  AAA  (see  plan.  Fig,  2)  having  arms  B  B  B,  *20 
in  number,  which  may  be  considered  the  jibs  of  so  many  small  cranes. 
These  are  mounled  upon  one  common  post  or  pillar  CO,  which  revolves 
upon  bearings  at  top  and  bottom,  and  each  arm  or  jib  is  tied  by  a  nJ 
DD,  to  a  hollow  cast-iron  cone,  which  is  fastened  upon  the  top  of  the 
pillar,  and  is  adjusted  by  means  of  a  screw  and  nuts.  In  fact,  the 
whole  may  be  considered,  so  to  speak,  as  twenty  small  cranes  working 
from  one  common  centre.  Around  the  circumference  of  the  rim  are 
suspended,  at  equal  distances,  twenty  wrought-iron  cylindrical  buckets, 
E  E  E,  2  feet  6  inches  diameter,  and  2  feet  8  inches  deep.  Each 
bucket  is  fitted  with  a  bow  handle  and  swivels,  so  as  to  be  readilj 
turned  over  when  its  load  is  to  be  discharged.  The  segments  AAA 
are  also  provided  with  teeth  upon  the  lower  edge,  which  gear  into  a 
pinion  G,  and  the  movement  is  carried  forward  to  the  handle  H  bj 
means  of  the  two  pairs  of  bevil  wheels,  and  in  such  proportion  as  to 
give  115  revolutions  of  the  handle  for  one  of  the  crane.  The  chief 
peculiarity,  however,  consists  in  the  main  post  being  fixed  in  an  inclined 

Digitized  by  VjOOQ IC 


COKINQ    CRANE.  123 

position.  This  is  done  to  suck  an  extent  as  to  throw  one  side  of  the 
rim  6  feet  higher  than  the  other,  and  it  will  be  seen  from  the  drawing 
that  the  buckets  on  one  side  are  sufficiently  low  to  be  filled  direct  from 
the  waggon  L,  and  on  the  other  sufficiently  high  to  deliver  their  loads 
upon  the  tender  M.  The  buckets  hold  in  the  aggregate  3  tons  of  coke, 
so  that  the  crane  will  carry,  ready  for  delivery  at  a  moment's  notice, 
sufficient  coke  to  supply  three  passenger  or  two  goods  engines  at  least. 
Of  course,  when  the  crane  is  fully  loaded,  the  whole  is  in  equilibrium, 
and  it  can  then  be  moved  by  a  force  sufficient  to  overcome  the  friction 
only ;  on  the  other  hand,  the  greatest  power  is  required  when  the 
buckets  are  empty  on  the  descending  side,  and  full  on  the  other.  The 
proportion  given,  however,  will  enable  one  man  to  work  it  under  the 
worst  circumstances. 

In  using  this  crane,  the  practice  is  to  keep  the  buckets  full  as  far 
as  circumstances  will  allow,  and  any  engine  requiring  coke  has  the 
tender  backed  under  the  higher  edge  of  the  crane ;  the  cokeman  then 
turns  the  crane  round  by  the  handle  previously  described,  and  continues 
to  do  so  until  the  fireman  or  other  person  has  turned  over  as  many 
buckets  of  coke  as  are  required.  The  time  rarely  exceeds  two  minutes  for 
the  delivery  of  2 1  cwt.  of  coke,  and  is  often  less. 

As  respects  the  saving  of  labour,  it  may  be  mentioned  that  four 
men  were  formerly  required  to  deliver  coke  at  this  station,  and  it  is 
now  delivered  by  two,  and  the  skips  are  dispensed  with. 

The  fact  that  this  little  machine  has  worked  very  satisfactorily  dur- 
ing the  last  two  years,  has  induced  the  writer  to  bring  it  before  this 
meeting ;  it  evidently  possesses  the  advantage  of  carrying  a  consider- 
able quantity  of  coke  ready  for  immediate  delivery,  and  of  elevating, 
advancing,  discharging,  returning,  and  lowering  the  buckets  by  one 
simple  movement. 

There  is  one  slight  drawback,  however,  namely,  that  an  engine  can- 
not run  past  it,  owing  to  the  chimney  ;  but  where  this  is  considered 
necessary,  the  crane  may  readily  be  fixed  about  3  feet  further  from  the 
ra'ds,  and  the  coke  delivered  by  a  moveable  shoot. 
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The  Chaibman  observed,  that  he  had  seen  the  coking  cnoie  d^ 
scribed  in  the  paper,  and  thought  it  a  very  simple  and  efficient  plin ; 
the  one  objection  that  had  been  named,  of  not  leaving  space  for  paasiiig 
along  the  line  by  the  side  of  the  crane,  might  probably  be  remedied  in 
several  ways  if  required  in  another  situation. 

Mr.  Kamsbottom  said  that  object  had  not  been  thooght  of  at  all  in 
the  present  case,  as  it  was  at  the  termination  of  the  line,  where  it  oodd 
not  be  extended  beyond  the  crane,  and  that  was  the  only  one  on  the 
plan  at  present  tried.  The  crane  had  been  found  veiy  convenient  fi^r 
use,  as  it  required  very  little  power  to  work  it,  and  held  a  large  st<m 
of  coke  always  ready  for  loading  the  tenders  ;  it  had  been  in  ooosttst 
work  for  more  than  two  years,  with  scarcely  any  expense  for  repaiis. 

Mr.  CowPEB  thought  the  crane  was  weU  contrived  for  the  porposc, 
and  suggested  that  it  might  readily  be  made  applicable  to  a  situtticn 
where  a  clear  passage  was  required  on  the  line  past  the  crane,  br 
omitting  a  portion  of  the  buckets  on  one  side,  perhaps  one-third,  which 
would  always  allow  the  passage  of  a  train,  when  the  blauk  side  va» 
turned  towards  the  line  ;  the  same  quantity  of  coke  might  be  carried 
by  increasing  the  size  of  the  buckets  or  the  diameter  of  the  oane 
He  thought  that  a  perfect  coking  crane  should,  if  possible,  be  balanced 
in  all  positions,  for  the  engineman  to  be  able  to  pull  it  round  bj  band^ 
and  take  in  a  supply  of  coke  without  requiring  a  second  man  to  help ; 
on  the  same  principle  as  the  present  large  8-inch  water  cranes,  i^ich 
supplied  the  water  with  great  rapidity  without  help.  This  might  be 
accomplished  by  working  the  crane  round  on  a  level  instead  of  inclined, 
so  as  to  be  always  balanced,  and  lifting  the  coke  up  previously  to  the  k\  el 
by  other  means. 

Mr.  WooDHOusE  thought  there  would  be  a  difficulty  in  raising  the 
coke  by  other  means,  and  the  oblique  crane  which  he  had  frequentlr 
seen  at  work  was  a  very  convenient  mode  of  gradually  raising  the 
coke  by  the  same  movement  as  changing  the  buckets.  In  some  places 
the  coke  was  mised  up  at  once  from  the  waggons  to  a  high  platform, 
and  then  loaded  into  the  tenders  by  a  shoot ;  but  that  plan  was  not :» 
convenient  for  measuring  the  coke  as  the  crane  with  buckets  boldicg 
exactly  3  cwt.  each. 

Mr.  Ramsdottom  observed  that  the  average  height  the  coke  bad  to 
be  lifted  in  loading  the  tenders  was  only  8  feet,  as  the  coke  was  already 
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lifted  an  average  of  3  feet,  or  half  the  total  height  6  feet,  in  the  pro- 
cess of  filling  the  buckets  all  round. 

Mr.  CowpER  suggested  that  each  bucket  iwhen  loaded  on  the  plat- 
form might  be  slung  up  or  raised  by  a  small  windlass,  and  then 
hooked  on  to  the  crane  at  the  upper  level. 

Mr.  Ramsbottom  observed,  it  would  certainly  store  up  more  power 
ready  for  coking  the  tenders,  if  all  the  coke  were  previously  lifted  up  to 
the  full  height  6  feet,  instead  of  an  average  of  only  half  the  height ; 
but  the  simplicity  of  the  machine  would  be  somewhat  interfered 
with. 

Mr.  Downing  remarked  that  there  might  be  room  to  pass  the  crane 
by  fixing  it  a  little  farther  from  the  line,  and  tipping  the  buckets  over 
the  side  of  the  tender ;  there  being  no  necesity  he  supposed  to  empty 
over  the  centre  of  the  tender. 

Mr.  Lloyb  suggested  an  octagon  form  for  the  purpose  instead  of  a 
circle ;  he  thought  the  same  plan  of  crane  would  suit  well  for  filling 
blast  furnaces,  where,  as  in  Wales,  there  was  not  more  than  6  feet  to 
lift  the  materials  in  many  cases. 

Mr.  Gibbons  thought  the  plan  might  be  very  applicable  in  several 
parts  of  iron  works,  such  as  raising  small  coal  and  rubbish,  and  remov- 
ing the  cinder  from  the  furnaces ;  he  thought  it  a  very  ^od  contriv- 
ance, involving  the  least  possible  expenditure  of  labour,  where  a  large 
quantity  of  material  was  required  to  be  lifted  a  small  height. 

A  vote  of  thanks  was  passed  to  Mr.  Ramsbottom  for  his  paper. 
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The  following  paper,  by  Mr.  Samuel  Lloyd,  jnn.,  of  Wedncsborr, 
was  iben  read  : — 

ON  AN  IMPROVED  TURN  TABLE. 

In  the  constniction  of  Turn  Tables  tbree  leading  principles  bare 
been  followed ;   either  the  bearing  has  been  on  the  centre  only,  with  no 
bearings  at  the  circumference,  or  with  bearings  at  the  circnmference 
and  none  at  the  centre ;    or  a  combination  of  these  two  modes  has  been 
adopted  by  allowing  the  weight  to  rest  in  part  upon  the  centre,  and  in 
part  upon  the  bearings  or  rollers  at  the  circumference;  this  last  con- 
struction has  been  most  frequently  adopted.     Most  of  the  turn  tables 
first  laid  down  on  railways  were  made  to  rest  on  fixed  rollers,  as  Fig.  I, 
Plate  29,  for  the  sake  of  economy ;  but  although  fixed  roller  turn  tables 
are  the  cheapest  kind  in  first  cost,  and  were  much  used  on  the  first 
railways  made,  live  roller  tables  have  been  generally  adopted  latterly, 
from  the  greater  ease  with  which  they  turn  ; — as  in  the  fixed  roller 
turn  table  the  weight  bears  on  the  axle  of  the  roller,  producing  nibbing 
friction,   hut  in  the  live  roller  table  it  bears  upon  the  circumfereDce  of 
the  roller,  producing  only  a  rolling  action  without  any  rubbing  friction, 
except  in  the  guiding  ring.     Some  fixed  roller  turn  tables  have  how- 
ever of  late  been  constructed,  with  much  larger  rollers  than  those  for- 
merly used,  which  has  the  effect  of  perceptibly  lessening  the  friction ; 
but  these  tables  seldom  continue  long  in  good  working  order,  in  conse- 
quence of  the  rollers  indenting  the  top  table.     This  is  an  objection  to 
which  all  roller  turn  tables  are  subject,  but  those  with  fixed  rollers 
most  especially,  from  the  top  table  ailways  resting  upon  the  rollers  in 
these,  in  the  same  position,  thus  receiving  the  pressure  always  on  the 
same  points ;  and  as  the  amount  of  surface  in  contact  between  them  is 
very  small,  (see  Fig,  2,)  the  whole  amount  of  surface  in  contact  be- 
tween the  surface  of  the  rollers  and  the  top  table  being  not  more  than 
three  square  inches,  as  shown,  if  so  much,  the  rollers  soon  wound  the 
under  surface  of  the  top  table,  so  that  the  latter  becomes  indented  over 
every  roller.    As  soon  as  this  takes  place,  considerably  more  power  has 
to  be  exerted  to  turn  carriages  upon  them,  as  the  resistance  to  be  over- 
come is  greatly  increased  by  the  -whole  weight  having  to  be  lifted  out 
isf  «ft/»h  of  the  hollows  formed  from  the  above  cause.        ^  , 
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But  in  addition  to  the  increase  of  friction  occasioned  by  these  inden- 
tationsy  they  cause  also  great  unsteadiness,  making  the  table  rock,  and 
thus  clatter  and  hammer  against  the  rollers  as  each  pair  of  wheels 
passes  on  and  off  its  two  opposite  sides.  This  deteriorating  action  goes 
on  to  a  greater  or  less  extent  in  almost  all  roller  tables,  often  occasioning 
the  top  to  break,  if  it  is  not  very  strongly  made  ;  this  rocking  is  often 
greatly  increased,  and  occasionally  entirely  originates,  from  the  centre 
pin  being  too  tightly  screwed  down,  so  as  to  take  the  weight  entirely  off 
the  rollers  on  one  side  of  the  table. 

This  defect  has  led  to  the  construction  of  turn  tables  with  a  centre 
pin  that  acts  merely  as  a  centre  guide,  without  taking  any  weight. 
Turn  tables  of  this  class,  if  made  with  radiating  rollers,  have  the  advan- 
tage of  remaining  very  solid  for  a  time  after  they  are  put  in,  but 
frequently  this  is  not  of  long  continuance,  for  all  roller  turn  tables  are 
unsteady,  if  the  rollers  are  not  all  correctly  turned  to  the  same  diameter, 
and  cottered  or  screwed  up  exactly  to  the  same  distance  from  the  centre ; 
each 'roller  being  a  portion  of  a  cone,  its  outside  diameter  is  greater 
than  its  inside,  and  if  either  of  the  rollers  is  screwed  up  too  tightly,  the 
table  rides  on  it.  This  is  sometimes  occasioned  after  a  few  months' 
wear,  by  the  pressure  of  the  table  top  continually  exerting  a  force 
tending  to  drive  the  rollers  upon  which  it  rests  outwards,  which  is  sure  to 
be  the  effect  if  either  of  the  nuts  that  screw  them  up  becomes  slack.  This 
pressure  tending  to  force  the  rollers  off  the  roller-path,  causes  consider- 
able friction  against  the  guide  ring  at  the  boss  of  every  roller,  and 
is  one  cause  of  the  heaviness  with  which  even  live  roller  turn  tables 
work,  causing  railway  labourers  in  goods  stations,  whenever  they  have 
the  chance,  to  wrench  them  round  by  horse  -power. 

In  an  improved  construction  of  roller  turn  tables  extensively 
adopted,  the  weight  of  the  table  top  is  nearly  counterbalanced  by  a 
weighted  lever,  which  constantly  tends  to  hft  the  centre  pin  without 
actually  doing  so,  making  the  table  much  easier  to  turn,  by  diminishing 
proportionately  the  pressure  on  the  rollers ;  the  rollers  also  are  not 
fixed  as  in  common  turn  tables,  but  in  an  inclined  position,  as  fhown 
in  Fig.  3,  with  their  upper  surfaces  level,  for  the  purpose  of  preventing 
the  level  of  the  table  top  from  being  disturbed  by  the  surge  of  carriages 
passing  over.  In  some  turn  tables  the  rollers  have  been  made  with 
rounded  edges,  as  in  I'ig.  4,  and  level  roller-paths,  with  the  view  of 
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lessening  the  friction  of  turning,  and  increasing  the  steadiness  of  the 
table  by  resting  it  on  a  plane  instead  of  a  cone  ;  but  these  rollers  hive 
not  been  found  to  be  durable,  and  the  roller-path  becomes  worn  hoBow 
by  them.  A  more  successful  plan  for  diminishing  the  friction  has 
been  the  use  of  spherical  balls  instead  of  rollers,  (shown  in  Fig.  5,) 
travelling  round  in  a  live  ring,  to  preyent  the  balls  from  rolling  off,  but 
allowing  them  room  to  shift  their  position  on  the  roller-path  as  tbej 
move  round,  which  prevents  them  from  wearing  the  roller-path  into 
grooves ;  and  as  the  balls  travel  in  a  circle,  sometimes  in  one  direction 
and  sometimes  in  the  contrary  direction,  they  continually  present  a 
fresh  portion  of  their  surface  for  the  bearing,  which  preserves  them 
from   being  worn  unequally. 

There  is  one  objection  to  these  tables,  but  which  applies  still  more 
strongly  to  roller  turn  tables,  namely,  the  extreme  difficulty  of  turning 
them  in  frosty  weather,  when  the  dirt  on  tlie  rollers  and  roller-paths 
becomes  frozen  ;  horse-power  is  then  often  required  to  stir  them,  or  a 
fire  has  to  be  lighted  to  thaw  the  congealed  mud  collected  on  them. 

Centre  hearing  turn  tables  are  practically  free  from  this  objection,  asd 
also  from  tlie  one  before  referred  to,  namely,  the  bearing  surface  becom- 
ing indented,  from  the  small  extent  of  surface  in  contact  with  the  rollers. 
A  turn  table  of  this  class  is  shown  in  Figs.  6  and  7,  Plate  89,  of  which 
many  are  in  use.  In  these  the  whole  weight  is  carried  by  the  centit 
pivot  or  ball ;  any  side  pressure  resulting  from  the  weight  to  be 
turned  not  being  balanced  exactly  upon  the  centre,  being  carried  bj  the 
two  sets  of  horizontal  rollers  A  A  that  travel  with  the  top  table  ronod 
the  centre  pillar  B  B,  and  are  fixed  to  the  jacket  C  G. 

This  description  of  turn  table  has  two  important  advantages  ;— 
Great  ease  m  turning  and  smoothness  of  motion,  and  great  durability, 
numbers  of  them  having  continued  in  use  for  many  years  without 
requiring  any  repairs.  The  ease  with  which  they  turn  is  owing  to  the 
great  leverage  obtained  by  the  power  being  applied  at  the  circumfer- 
ence of  the  table,  and  to  tlie  resistance  being  confined  to  the  centre 
ball  and  the  rollers  round  the  centre  piDar,  instead  of  being  at  the 
circumference  as  in  roller  tables,  in  which  it  acts  at  nearly  as  great  a 
leverage  as  the  power.  So  that  while  no  leverage  is  obtained  when 
the  power  is  applied  in  turning  a  carriage  at  the  outer  edge  of  a  roller 
table,  a  leverage  of  14  to  1  is  gained  in  a  centre  bearing  turn  taUe, 
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constructed  as  shown  in  Figs.  6  and  7,  even  if  half  the  resistance  be 
supposed  to  take  place  at  the  horizontal  rollers,  and  only  half  at  the 
centre  pin. 

Centre  bearing  turn  tables  as  usually  constructed  have  most  of 
them  two  defects ;  namely,  great  extra  cost  of  foundations,  and  un- 
steadiness and  liability  to  deflect ;  the  last  being  the  most  serious  defect, 
which  renders  them  objectionable  for  any  situation  where  much  traffic 
is  likely  to  pass  over  them.  Their  deflection  upon  trains  passing  over 
them  being  caused  by  the  whole  of  the  weight  of  each  carriage  acting 
at  a  great  leverage  to  strain  the  working  parts  of  the  table  while  run- 
ning on  and  off.  To  meet  this  defect,  a  number  of  supplemenUiry  rollers 
have  usually  been  fixed  at  the  circumference,  (seeD  D,  Fig.  6,)  for  the 
purpose  of  catching  the  weight  and  preventing  any  undue  deflection 
when  the  weight  is  passing  on  and  off  the  edge  of  the  table,  these 
rollers  being  fixed  a  little  below  the  level  of  the  table  top,  so  as  not 
to  touch  the  top  and  come  into  action  until  the  top  gives  way  by 
deflection,  or  by  canting  on  one  side.  This  plan  has  however  the 
objection  of  being  unmechanical,  as  it  implies  a  certain  degree  of  failure 
in  the  machine  before  it  can  come  into  full  operation. 

The  unsteadiness  of  the  centre  bearing  turn  tables  described 
above  may  be  considered  as  the  principal  cause  of  their  disuse,  not- 
withstanding their  superiority  over  roller  tables  in  ease  of  turning ; 
another  cause  being  the  expense  and  depth  of  the  foundations  requisite. 
The  object  of  the  present  paper  is  to  describe  an  improved  plan  of  con- 
struction, that  will  remove  these  defects. 

A  Turn  Table  upon  the  improved  plan  is  shown  in  Figs.  8  and  9, 
Plate  30  ;  the  action  of  which  is  as  follows  : — The  centre  pillar.  A,  is 
fixed  on  a  block  of  stone  or  other  suitable  foundation,  within  which  is 
fixed  a  toggle-joint  or  other  lever,  JBB,  which  is  connected  with  the 
centre  pin  C  as  shown  :  by  means  of  this  the  turn  table  is  raised  when 
wanted  for  use,  the  lever  then  assuming  the  position  shown  by  the 
dotted  lines  D  D.  The  drawing  shows  the  table  not  in  use,  the  weight 
at  such  times  being  all  carried  on  the  outer  ring  E£,  at  the  periphery 
of  the  table,  and  none  upon  the  centre  pin.  By  this  means  the  table  is 
made  quite  steady  and  solid,  and  not  likely  to  be  injured  by  trains  pass- 
ing over  it ;  whereas,  as  soon  as  the  centre  pin  or  pivot  is  made  to 
rise  by  means  of  the  lever  B  assuming   the  position  shown  by  the  dot- 
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ted  lines  D  D,  which  is  worked  into  this  position  bj  means  of  a  lod 
connecting  it  with  another  lever  or  toggle-joint  F,  forming  one  of  the 
catches  of  the  table,  the  turn  table  top  is  raised  off  the  outer  ring 
and  may  be  turned  with  great  facility,  the  weight  then  resting  entireij 
on  the  centre  pin  or  pivot  BC. 

Provision  is  made,  as  in  other  centre  bearing  tables,  for  the  weight 
of  tlie  table  not  being  equally  poised  on  the  centre,  by  horizontal  rollen 
GG,  which  carry  the  side  pressure,  and  serve  by  their  contact  with  the 
centre  pillar  A  to  preserve  the  turn  table  in  a  level  position  while 
rising  and  while  in  use.  When  the  turn  table  is  no  longer  required  it 
is  again  made  solid  by  the  handle  M  of  the  lever  F,  which  forms  one 
of  the  catches,  being  lowered  into  its  original  position. 

Figs.  10  and  11  show  another  mode  of  construction,  by  which  the 
same  result  is  obtained  of  supporting  the  table  top  by  its  circurafereoee 
when  out  of  use,  and  upon  its  centre  when  in  use.  The  action  of  the 
lever  BB  in  this  table  is  merely  to  raise  the  table  sufficiently  to  disen- 
gage the  blocks  H  H.  When  the  table  is  not  in  use  the  lever  is  in  the 
position  shown  at  BB,  but  as  soon  as  it  is  necessary  to  turn  a  carriage, 
the  table  top  is  eased  off  the  four  blocks  H  H  at  the  circumference,  co- 
der the  main  line  rails,  by  being  raised  frt)m  ^  to  f  ths  of  an  inch  bj 
the  action  of  the  knuckle-joint  lever  F ;  by  ihis  time  the  stud  L  which 
is  fixed  upon  the  long  lever  BB,  having  traversed  to  the  end  of  the  slot 
in  which  it  works,  carries  the  rod  K  with  it,  thus  withdrawing  the  four 
blocks  H  H  from  under  the  outer  ring  £  £.  The  long  lever  is  now  at 
the  position  shown  in  the  drawing,  or  at  the  bottom  o£  its  stroke ;  the 
centre  joint  of  the  knuckle-joint  lever  F  has  now  passed  from  one 
side  of  the  centre  line  of  the  table  to  the  other.  The  table  top  n 
exactly  at  the  same  level  when  the  long  lever  is  at  the  bottom  of  its 
throw  as  when  it  is  at  its  top  ;  the  difference  being  that  when  the  long 
lever  is  up  as  shown  by  the  dotted  lines  DD,  the  table  top  is  supported 
entirely  at  its  circumference  on  the  four  blocks,  which  may  be  made  of 
any  convenient  size ;  and  while  it  is  down  the  weight  is  on  the  centre 
pin  C,  when  carriages  may  be  turned  with  ease  and  rapidity.  By 
means  of  the  stud  I  traversing  the  slot  in  the  rod  K  during  the  first 
part  of  the  motion,  the  table  top  is  eased  off  the  bearing  on  the  blocks 
H  H,  before  the  rod  K  is  set  in  motion  to  withdraw  the  blocks ;  and 
by  the  same  means,  in  lowering  the  table,  time  is  allowed  for  the  blocks 
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to  be  pushed  home  before  the  table  top  is  lowered  upon  them,  so  that 
the  blocks  are  relieved  from  the  weight  whilst  they  are  being  moved. 
Fig.  1 1  is  a  plan  of  this  turn  table,  showing  the  position  of  the  long  lever 
BB,  and  the  horizontal  rollers  GG,  that  work  round  the  centre  pillar  A. 
At  the  end  of  the  lever  L  a  weight  is  fixed  to  balance  the  weight  of 
the  table  top  to  within  a  few  cwts. ;  the  balance  weight  not  being  made 
heavy  enough  to  raise  the  table  top  without  the  exertion  of  a  slight 
pressure  on  the  handle  M.  Other  modifications  of  this  improved  table 
might  be  described,  but  as  the  principle  in  them  all  is  the  same,  viz., 
to  carry  the  weight  upon  the  centre  pin  when  the  table  is  being  used, 
and  upon  the  circumference  when  not  in  use,  it  is  not  necessary  in  the 
present  paper  to  do  so. 

This  mode  of  construction  insures  a  solid  turn  table,  one  very  easy 
to  turn,  and  a  very  durable  one ;  the  working  parts  do  not  get  deterio- 
rated by  the  passing  of  trains,  and  are  so  placed  that  dirt  cannot  collect 
upon  them ;  the  extent  of  bearing  surface  at  the  circumference  is  greatly 
increased  and  prevented  from  becoming  indented  as  in  roller  tables ;  a 
amooth  and  easy  motion  is  obtained  by  turning  entirely  upon  the  centre, 
as  no  inequality  of  bearing  surface  has  to  be  overcome  ;  also  less  oil  is 
consumed  for  the  centre  bearing  than  for  rollers,  and  the  working 
parts  are  more  easily  oiled.  In  roller  tables  an  increased  load  increases 
greatly  the  resistance  to  turning,  and  after  some  years*  wear  they  work 
more  heavily  ;  but  in  centre  bearing  tables  much  less  difference  is 
experienced.  Also,  the  cost  of  foundation,  instead  of  being  more,  is 
rather  less  than  that  required  for  roller  turn  tables  with  a  live  ring 
and  rollers,  as  a  continuous  ring  of  masonry  is  not  required  round 
the  circumference,  but  only  six  or  eight  blocks  of  stone,  one  under 
each  arm  of  the  centre  pillar,  in  addition  to  the  centre  stone,  which  is 
required  in  both  descriptions  of  turn  tables. 


Mr.  WooDHonsE  inquired  whether  any  of  the  tables  had  been  put 
down,  and  where  they  were  at  work  ? 

Mr.  Lloyd  replied  that  none  of  the  plan  with  the  lever  had  been 
put  to  work  yet,  the  first  one  was  not  jet  ready  for  trial ;  but  a  con- 
Biderable  number  (about  60)  of  the  first  plan,  without  the  lever,  were 
at  work  very  satisfactorily,  many  of  them  on  the  Syston  and  Peter- 
borough line.     They  answered  very  well  for  goods  stations,  but  not  for 
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the  main  line,  because  they  deflected  too  much  at  the  cater  edge  for 
trains  to  run  over  them  ;  thej  were  found  to  keep  in  order  very  well, 
and  some  of  them  had  been  10  years  at  work. 

Mr.  Gibbons  thought  there  might  be  found  a  diflBculty  in  gettitig 
the  blocks  to  slide  in  alv^-ays  to  their  places  under  the  table  top,  in  the 
proposed  1  ifting  table. 

Mr.  Lloyd  observed  that  there  was  only  about  1  cwt.  left  un- 
balanced of  the  weight  of  the  table  top,  so  that  there  was  very  little 
work  for  the  lever  to  do  in  lifting  the  top  to  the  extent  that  was  re- 
quired for  liberating  the  blocks,  and  pushing  them  into  their  places 
again.  The  whole  weight  of  the  top  might  be  3  tons  for  a  1^  feet 
table,  but  it  was  nearly  all  balanced  by  the  ^veighted  lever,  so  that  little 
more  than  the  friction  had  to  be  overcome  in  lifting  the  top ;  the  table 
was  not  lifted  with  a  carriage  on,  as  in  previous  plans  of  lifting  tables 
and  was  only  to  be  lifted  in  the  act  of  making  it  solid  for  the  main  line 
to  let  trains  run  over  it,  and  in  setting  it  free  again,  but  was  not  lifted 
in  the  process  of  turning.  The  table  top  was  only  to  be  blocked  for 
main  line  trains  to  run  over,  and  was  to  be  left  free  without  supports 
at  the  circumference  when  turning  and  whilst  carriages  were  pushed  on 
and  oS  the  table  for  turning. 

Mr.  CowPER  thought  the  height  between  the  upper  and  lower  rollers 
where  they  bore  against  the  centre  post  was  so  small  (making  a  great 
leverage  at  the  circumference  of  the  table),  that  a  small  play  in  the 
rollers  would  cause  a  considerable  deflection  at  the  edge  of  the  table ; 
so  that  it  appeared  liable  soon  to  get  out  of  level  with  carriages  ran- 
ning  on  and  ofiF,  if  the  top  were  not  always  blocked  solid. 

Mr.  Llotd  replied  that  the  rollers  at  top  and  bottom  had  the  means 
of  ready  adjustment  by  screws,  and  no  difficulty  had  been  found  in  the 
tables  at  work,  though  they  had  no  bearing  at  the  circumference,  while 
carriages  and  waggons  were  constantly  being  run  on  and  off  for  taming. 
The  only  injurious  deflection  arose  when  trains  of  carriages  passed 
over  them ;  all  those  laid  down  were  12  feet  diameter. 

Mr.  Sampson  Lloyd  observed  that  the  centre  post  tables  were  found 
to  have  very  little  wear,  and  worked  quite  successfully ;  some  of  them  bad 
been  in  work  1 0  years  without  any  bearing  at  the  circumference  ;  the 

*  An  error  in  the  position  of  the  tmUnco-welght  in  the  drawing  of  Tigs  8,  pointed  out  kf 
some  of  the  members,  hu  been  corrected  In  the  engraving. 
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deep  pillar  engine  tables  had  lasted  very  well  for  many  years.  The 
sliding  blocks  and  lifting  motion  was  a  recent  invention,  for  the  object 
of  making  the  table  solid  in  the  main  line,  when  trains  had  to  run 
over. 

The  Chairman  remarked  that  in  another  plan  of  turn  table,  wedges 
were  employed  to  make  the  top  solid  for  the  main  line. 

Mr.  WooDHousE  said  that  four  wedges  were  pushed  in  by  a  lever 
one  under  each  line  of  rails,  to  give  an  additional  bearing  when  the 
train  passed  over.  He  found  the  tables  with  live  rollers  answered 
much  better  than  fixed  rollers  in  goods  warehouses  and  stations ;  the 
fixed  roller  tables  worked  very  stiff. 

Mr.  Lloyd  observed  that  the  tables  with  a  centre  bearing  only  had 
an  advantage  in  keeping  all  the  working  surfaces  clean  ;  the  roller-path 
in  ordinaiy  tables  was  exposed  to  get  dirty,  increasing  the  resistance  to 
turning. 

The  Chairman  proposed  a  vote  of  thanks  to  Mr.  Lloyd  for  his 
paper,  which  was  passed ;  and  expressed  a  wish  for  the  results  to  be 
communicated  of  the  practical  working  of  the  new  turn  table. 
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The  following  paper,  by  Mr.  John  Bolinson,  of  Brierley  Hill,  ns 
then  read : — 

ON  AN  IMPROVED  APPARATUS  FOR  PREVENTING 
EXPLOSIONS    OF  STEAM-BOILERS. 

The  object  of  this  apparatus  is  to  provide  a  self-acting  means 
of  closing  the  stop-valve,  and  opening  the  safety-valve,  when  t 
boiler  is  getting  short  of  water,  thereby  cutting  oflF  all  communica- 
tion with  the  other  boilers  until  the  boiler  is  again  properly  supplied 
with  water,  and  causing  an  alarm  to  call  tlie  attention  of  the 
engineman,  before  the  water  has  got  so  low  as  to  risk  any  injuiy 
of  the  boiler,  preventing  at  the  same  time  any  increase  of  the 
pressure  in  the  boiler  from  taking  place. 

Fig.  1,  Plate  31,  is  a  longitudinal  section,  and  Fig.  2  a  trans- 
verse section  of  the  apparatus. 

The  float  A  falls  when  the  water  gets  low  in  the  boiler,  and 
closes  the  stop-valve  B,  by  the  tappet  C,  and  opens  the  safety-valve 
D,  by  the  tappet  E,  causing  an  alarm  by  the  rush  of  steam  through 
the  escape-pipe  F,  as  soon  as  the  water  gets  down  to  the  level  to 
which  the  apparatus  is  adjusted. 

In  a  range  of  boilers  working  in  connection,  it  sometimes 
occurs,  from  various  accidental  causes,  that  one  of  them  becomes 
low  in  the  water,  causing  danger  of  explosion,  but  with  this  appara- 
tus such  an  accident  is  prevented  ;  and  by  closing  the  stop-valve 
and  opening  the  escape-valve  the  boiler  is  cut  off,  and  prevented 
from  causing  accident  until  properly  filled  with  water  again,  when 
it  resumes  its  former  position,  as  the  stop-valve  then  opens  again 
and  the  escape- valve  closes. 

The  pressure  of  steam  is  prevented  from  ever  getting  too  high 
in  the  boiler,  by  the  small  cylinder  G,  with  a  piston  one  square  inch 
area,  which  is  open  to  the  boiler  on  tlie  underside,  and  is  loaded  on 
the  top  of  the  piston  rod  at  H  with  as  many  pounds  weight  as  the 
number  of  pounds  pressure  per  square  inch  intended  for  the  limit 
of  the  steam  pressure.  The  piston  lifts  these  weights  in  succession 
as  the  pressure  rises,  and  at  last  lifts  the  lever  of  the  escape-valve 
t> ;  a  space  is  left  between  the  different  weights,  so  that  the  piston 
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^to  the  top  of  the  cylinder  before  it  comes  to  the 

die  continual  movement  of  the  piston  in  the 

ons  of  pressure  in  the  boiler,  the  piston  is 

and  is  kept  always  ready  for  action. 

eld  up  by  the  spring  catch  I  if  it  con- 

^j^in  point,  and  then  the  escape  of 

\Tm  will  continue  sounding  un- 

^ty,  releases  the  valve  lever 

^.^fe  K. 

up  in  one  cast-iron  box,  so  that 

^^-^'  to  increase  the  steam  pressure,  or  to  pre- 

^  ^  of  the  alarm  and  the  escape  of  the  steam  when- 

^  ^\JCT  level  is  suffered  to  get  too  low  from  any  cause,  or  the 

^^{)re8sure  gets  too  high.     The  apparatus  is  connected  to  the 

<)rdinary  stop-valve  fixed  usually  on  boilers,  and  requiring  only  an 

alteration  of  the  lever. 

This  apparatus  has  been  at  work  for  about  two  months,  at  Mr. 
Benjamm  Gibbons',  Corbyn's  Hall,  New  Furnaces,  near  Dudley, 
and  has  proved  quite  satisfactory.  It  has  been  tried  fully  by  blowing 
off  the  water  from  the  boiler  down  to  the  level  to  which  the  apparar 
tus  was  adjusted,  when  it  was  always  found  to  act  completely,  6md 
also  when  the  pressure  of  the  steam  was  raised  too  high. 


^^,^<f(^ed  u] 


Mr.  Benjamin  Gibbons  said  that  the  apparatus  described  in  the 
paper  was  applied  to  one  of  a  set  of  three  boilers  at  his  works,  and 
proved  quite  satisfactory  ;  it  was  found  to  act  completely,  either  when- 
ever the  water  was  too  low  in  the  boiler,  or  the  pressure  of  steam  too 
high,  and  effectually  prevented  accident,  and  it  appeared  not  liable  to 
derangement. 

Mr.  Downing  inquired  whether  there  was  the  common  safety-valve 
in  addition,  and  what  was  the  size  of  the  escape- valve  ? 

Mr.  RoLiNsoN  replied,  that  an  extra  6 -inch  valve  was  used,  besides 
the  ordinary  safety-valve ;  the  boiler  that  the  apparatus  had  been  ap- 
plied to,  was  6  feet  diameter,  and  30  feet  long. 

Mr.  Downing  thought  the  safety-valves  were  generally  too  small, 
and  they  would  be  better  larger  than  4  inches,  by  giving  speedier  relief 
to  the  boiler. 
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Mr.  Gibbons  observed,  that  the  size  of  safetj-valvBs  might  be  too 
much  increased,  as  large  valves  would  be  more  liable  to  stick  fast ; 
and  he  had  never  found  the  usual  4-inch  valves  not  large  enough. 

Mr.  KAMSBorroM  remarked  ihst  a  heavy  float  would  be  required  to 
insure  the  action  of  the  apparatus,  and  it  would  have  to  close  the  stop- 
valve  against  the  pressure  of  steam  in  the  boiler. 

Mr.  RoLiNsoN  said  the  float  was  made  large  and  heavy  to  insare 
certainty  of  action ;  but  the  steam  &om  the  other  boilers  would  be  alvajs 
pressing  on  the  top  side  of  the  stop-valve,  and  the  pressure  in  the 
boiler  on  the  under  side  of  the  valve  was  lowered  by  the  steam  beiqg 
let  off  directly  the  apparatus  acted. 

The  Gbaibman  asked  whether  it  was  intended  to  apply  a  whistle  to 
the  escape  steam-pipe,  to  make  a  more  distinct  signal  ? 

Mr.  HoLinsoN  replied  that  the  steam  was  found  to  make  sufficient 
noise  in  escaping  without  the  use  of  a  whistle,  and  there  was  the  ad> 
vantage  of  having  no  obstruction  to  its  discharge. 

Mr.  GiBBOKs  remarked,  that  the  whole  apparatus  mig^t  be  lookol 
up  in  a  case  of  moderate  size,  about  3  feet  high,  indading  the  flost- 
chain  and  wheel,  whioh  would  put  it  entirely  oat  of  the  oontiol  of  the 
men.  He  added  that  the  whole  cost  of  the  appaiatos  was  about  W 
or  MUO. 

The  Chaibhan  proposed  a  vote  of  thanks  to  Mr.  Bolinson  for  Us 
paper,  which  was  passed. 

The  Meeting  then  terminated. 
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PROCEEDINGS 

December  7>  1853. 


Tha  Spbctal  General  Meeting  of  the  Members  was  held  in  the 
Lecture  Theatre  of  the  Royal  Institution,  Mosley  Street,  Manchester, 
on  Wednesday,  December  7,  1853;  William  Fairbairn,  Esq.,  Vice- 
President,  in  the  Chair. 

The  Segbetart  read  the  Minutes  of  the  last  General  Meeting,  which 
were  confirmed. 

The  Chairman  congratulated  the  Members  on  the  occasion  of  hold- 
ing the  first  meeting  of  the  Institution  in  Manchester,  and  expressed 
his  confident  expectation  that  a  meeting  in  a  district  which  had  taken 
so  prominent  a  part  in  mechanical  discovery  and  improvement  would 
prove  advantageous  to  the  Institution,  and  promote  its  objects  by  bring- 
ing forward  many  papers  on  mechanical  subjects,  and  accessions  of 
valuable  members. 

He  invited  the  visitors  who  were  present  to  join  in  the  discussion, 
and  remarked  that  the  object  was  to  have  a  full  discussion  of  the  me- 
chanical merits  of  the  several  subjects  presented  to  the  meeting,  without 
taking  up  any  questions  of  priority  or  property  of  patent  right 


The  following  Paper,  by  Mr.  William  Fairbairn,  of  Manchester, 
was  then  read : — 

ON-A  NEW  DESCRIPTION  OF  WINDING  ENGINE. 

The  invention  of  the  Steam  Engine,  and  the  rapidly-increasing 
demand  for  its  assistance  in  almost  every  condition  of  civilized  life, 
has  produced,  and  is  still  producing^  changes  to  which  it  would  be 
difficult  to  prescribe  a  limit.  It  has  a  creative  power  in  itself,  and 
no  sooner  do  we  effect — through  its  aid — the  most  marvellous  en- 
terprises, than  its  powers  and  capabilities  increase,  and  it  becomes, 
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not  the  limit,  but  the  harbinger  of  future  and  still  greater  evcDte. 
Sixty  years  have  scarcely  rolled  over  our  heads  since  its  first  intnv 
daction.  Twenty  years  from  that  date  witnessed  the  development 
of  its  powers  in  the  draining  of  mines,  the  crashing  of  ores,  and 
the  spinning  of  the  finest  wool.  Twenty  years  more,  and  we  find  it 
battling  with  the  storm,  and  waging  war  with  the  elements  agwnst 
wind  and  tide.  And,  carrying  forward  the  metaphor,  for  t!ie  nexi 
and  last  tweiity  years  we  again  find  it  spreading  its  arms  over  the 
surface  of  many  lauds,  and  hurrying  onwards  tlie  ponderous  train 
with  a  celerity  which  not  many  years  ago  would  have  been,  by  the 
most  sanguine,  considered  incomprehensible.  Such  is  the  short 
history  of  the  progress  of  the  Steam  Engine ;  the  whole  of  these 
wonderful  changes  having  taken  place  within  the  limits  of  the 
writer's  own  recollection. 

The  subject  of  the  following  communication  is  a  Steam  Engii^e 
recently  erected  by  W. Fairbaim  and  Sons,  for  F.  D.  P.  Astlej,  Esq.,  of 
Dukinfield,  for  the  purpose  of  winding  coal  from  probably  one  of  the 
deepest  pits  on  record.    It  may  be  mentioned  that  this  pit  is«  or  will 
be  in  a  few  months — when  the  lower  seam  of  coal  is  reached — ap- 
wards  of  650  or  nearly  700  yards  in  depth.     It  is  sunk  upon  the  dip 
of  the  strata,  which  descend  at  an  angle  of  about  Q3*  in  the  direction 
of  north-east  to  south-west     The  seam  is  what  is  called  the  Blaek 
Mine,  and  is  justly  considered  the  finest  quality  of  coal  in  this 
countiy ;  and  is  believed  equal  to  the  best  WalFs-end. 

This  pit  from  its  great  depth  presents  several  peculiar  features 
as  respects  its  locality,  with  respect  to  surrounding  mines.  Being 
at  the  lowest  level,  it  drains  several  of  the  adjacent  pits,  and  tliaa 
has  the  onerous  duty  thrown  upon  it  of  draining  the  whole  of  the 
superincumbent  works,  or  those  at  a  higher  level.  On  account  of 
this  circumstance,  a  large  pumping  engine,  constructed  by  the  above 
firm,  has  been  erected  for  clearing  those  mines  of  water  ;  thi«»  engine, 
from  its  efficiency  and  peculiar  cons  true  tiou,  may  peiha{>s  Ci>me 
under  the  notice  of  a  future  meeting. 

The  Winding  Engine,  which  is  shown  in  Plates  8^  and  33,  is  con- 
structed on  tlie  "  direct-action''  principle — ^the  same  in  fact  as  tbo*e 
which  some  years  since  were  constructed  for  Her  Majesty's  frigates, 
Vulture,  Odin,  and  Dragon,  by  William  Fairbaim  and  Co.,  at  Mill- 
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wall,  and  in  which  the  writer  was  ably  assisted  bj  his  then  partners, 
Mr.  A.  Murray,  now  the  Goyernment  Engineer  at  Portsmouth, 
and  Mr.  Hetherington,  of  Manchester. 

The  pit  from  which  the  coal  has  to  be  extracted  is  12  feet  in 
diameter,  and  is  walled  with  Ashlar  stone  to  a  depth  of  about  40 
yards  from  the  top,  and  from  thence  to  a  depth  of  20 1  yards  is  a 
wedging  curb  of  oak.  From  this  point  it  is  made  water-tight 
through  layers  of  sand  and  porous  rock,  by  metal  tubing,  to  a  depth 
of  248  yards  from  the  surface,  and  the  remainder  is  walled  with  either 
stone  or  brick,  excepting  only  in  those  parts  where  the  sides  are  of 
sol  id  rock,  capable  of  standing  without  interior  support. 

The  shaft  is  divided  into  three  compartments,  one  being  used 
for  the  pumps,  and  occupying  about  one  fifth  of  the  area  of  the 
shaft.  Of  these  pumps  there  are  five  sets — ^four  of  them  plunger 
pumps  of  15  inches  diameter,  and  varying  in  length  from  400  to  420 
feet  each,  and  the  fifth  and  lower  set  a  12-inch  lifting  pump  ;  the 
engine  working  them  is  upon  the  marine  principle,  and  worked 
expansively  by  high-pressure  steam. 

The  other  compartments  or  divisions  form  a  large  space  for  the 
slide  bars  and  cradles,  each  of  which  admit  of  four  coal  boxes,  one 
ab(rve  another,  and  in  this  position  they  are  raised  at  once  from  the 
bottom  of  the  shaft  to  the  surface.  Each  box  has  four  wheels  adapt- 
ed to  the  tram-ways  below  and  above,  and  as  soon  as  they  arrive  at 
the  top,  or  descend  to  the  bottom,  the  loaded  boxes  are  exchanged 
for  empty  ones  above,  and  the  process  is  reversed  at  the  same 
instant  below. 

The  engine  is,  to  the  best  of  the  writer's  knowledge,  one  of  the 
largest  and  most  powerful  of  the  kind  ever  constructed  for  such  a 
purpose.  The  cylinder,  ^which  is  60  inches  diameter,  and  8  feet 
stroke,  stands  upon  a  cast-iron  pedestal,  firmly  bolted  to  a  platform 
of  masonry  resting  upon  four  cast-iron  beams  stretching  across  the 
bouse,  with  their  ends  inserted  iwder  the  walls  on  both  sides. 

These  walls  vary  from  4  to  3  feet  in  thickness  as  they  ascend , 
and  rise  to  a  height  of  60  feet  above  the  foundations  ;  and  thus,  it 
will  be  observed,  from  the  weight  resting  upon  the  iron  beams,  a 
degree  of  solidity  is  given  to  the  foundations  which  could  not  other- 
wise be  obtained,  unless  at  greatly -increased  expense  in  the  erection 
of  an  Ashlar  platform. 
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From  the  foundations  to  the  entablature  which  supports  the 
crank  shaft  and  two  fly-wheels,  and  on  t^e  peripheiy  of  whieli  the 
wire  ropes  wind,  rise  four  massive  cast-iron  columns,  equidistant  on 
each  side  of  the  cjlinder,  and  these  being  secuiied  by  bolts  to  &e 
foundations  below,  and  the  entablature  above,  a  complete  connection 
is  thus  effected,  which  acting  in  combination  with  the  weight  of  the 
engine-house  walls,  gives  a  degree  of  solidity  more  than  suffident 
to  resist  the  reciprocating  action  of  the  engine  at  a  pressure  mucb 
greater  than  30  lbs.  on  the  square  inch. 

In  this  description  of  engine,  where  the  action  is  direct  from  the 
piston  rod  to  the  crank,  it  usually  occurs  that  the  prepondeittiDg 
weight  of  the  connecting  rod;  crank,  and  piston  causes  groat  irrego- 
larity  of  motion,  and  to  remedy  this  defect,  balance  weights  have 
frequently  to  be  attached  to  tlie  fly-wheel  or  some  otlier  part  of  the 
engine,  to  cause  uniformity  of  motion.  In  the  present  engine  these 
adjuncts  are  not  required,  as  it  has  been  conti^ived  to  balance  the 
difference  of  weight  in  the  up  and  down  strokes  by  the  lift  of  the 
au-pump,  as  may  be  seen  by  the  drawings  at  A,  B,  and  C»  which 
show  the  fixed  and  oscillating  levers.  This  answere  the  double  pur- 
pose of  exhausting  the  condenser  and  of  forming  radius  bars  foy  the 
direct  vertical  motion  of  the  piston.  In  this  operation  a  perfectly 
direct  motion  is  not  only  effected,  but  the  parts  are  so  nearij 
balanced  as  to  enable  the  engine-man  to  raise  and  lower  tny 
weight,  however  heavy  or  light,  with  an  extraordinary  exactitude;  and 
in  fact  such  was  the  accmacy  of  the  motion,  that  the  "siukeis* 
availed  themselves  of  the  engine  for  the  purpose  of  lowering,  rais* 
hig,  and  setting  the  stones  used  in  walling  tlie  sides  of  the  pit. 

The  working  of  the  engine  is  accomplished  by  eccentrics,  from  a 
shaft  D,  which  extends  from  the  crank  to  the  opposite  wall.  These 
eccentrics  give  motion  to  the  plug  rod,  which  works  the  valves,  and 
acting  upon  the  lever  or  handle  E,  enables  the  engineer  to  regulate 
the  speed  and  reverse  the  motion  at  pleasure.  All  these  valves  are 
double-beat,  upon  the  equilibrium  principle,  as  shown  on  a  larger 
scale  in  Fig.  3.  and  the  result  is,  that  they  are  worked  at  any  amouAt 
of  pressure,  witliout  any  increase  of  balance  in  the  handling  or  the 
working  of  tlie  engine. 

For  the  purpose  of  winding  or  raising  coal,  flat  wire  ropes  are 
nv  in  general   use,  and  those   employed  at  this  pit  are  of  that 

Digitized  by  VjOOQ IC 


WINDING    ENGINE.  141 

daqcriptioQ.  They  each  weigh  about  2  tons,  or  3  Uais  witlr  the 
addition  of  the  cradle  and  boxes.  These  boxes  each  oontain  B  owt 
of  ooal,  collectively  SH  cwt.,  which  is  the  load  to  be  raised  from  the 
bottom  of  the  pit  to  the  surface  in  one  minute.  This  gives  a  velocity 
of  nearly  2000  feet  per  minute,  or  about  23  miles  an  hour,  and 
taking  the  speed  at  and  the  height  to  which  the  load  is  raised,  we 
have  a  power  of  nearly  220  horse,  independent  of  Action,  and  the 
immense  preponderance  of  rope  which  has  to  be  overcome  at  start- 
ing from  the  bottom  of  the  pit.  This  is  to  some  extent  equalized 
by  the  balance  chain,  which  unrolls  itself  from  the  dtnm  F  in  its 
ascent  within  the  well  behind,  till  the  cradles  meet,  when  the 
motion  of  the  balance  chain  is  reversed,  and  the  chain  begins  to  re- 
wind upon  the  barrel  as  the  descending  rope  begins  to  preponderate 
over  the  ascending  rope. 

Taking  all  these  conditions  into  account,  the  engine  will  be  found 
in  regular  working  duty  to  be  giving  out  a  power  varjing  from  400  to 
450  horsepower. 


The  Ghaibman  remarked  that  he  had  brought  the  paper  before  the 
meeting,  simply  as  an  account  of  an  unusually  large  size  of  winding 
engine,  the  largest  he  believed  that  had  ever  beeu  erected.  The  depth 
of  the  pit  at  present  was  very  great,  600  yards,  and  when  completed 
to  the  full  depth  would  be  700  yards ;  a  depth  he  believed  considerably 
greater  than  any  other  pit  he  was  acquainted  with ;  the  deepest  was 
probably  that  at  Bishop  Wearmouth,  which  varied  from  400  to  600 
yards.  This  great  depth,  and  the  large  quantity  of  coal  to  be  raised, 
required  the  speed  to  be  much  greater  than  usual,  and  they  had  suc- 
ceeded in  safely  working  at  a  velocity  equal  to  23  miles  an  hour,  in 
drawing  up  four  boxes  loaded  with  H  tons.  This  was  a  point  of  great 
importance  in  the  erection  of  the  engine,  as  the  supply  of  coal  could 
not  otherwise  have  been  all  raised  by  one  shaft.  The  engine,  which 
was  direct-acting,  occupied  very  small  space  in  proportion  to  its  power, 
and  the  large  unbalanced  weight  on  the  down  stroke'  of  the  steam 
cylinder  was  so  effectually  neutralised  by  the  resistance  of  the  up  stroke 
of  the  air  pump,  that  the  engine  could  he  managed  with  the  greatest 
uniformity  of  motion  required. 
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Mr.  Dtbb  inquired  whether  the  same  eeam  of  ooal  was  ymABi  tt  t 
higher  level  at  any  other  place  ? 

Mr.  Fairdazrn  said  the  pit  had  heen  sunk  at  the  lowest  point  of 
the  portion  to  be  worked  for  the  sake  of  drainage,  and  the  workings 
would  be  extended  upwards  from  the  pit ;  he  was  not  aware  how  muck 
higher  the  seam  was  elsewhere. 

Mr.  Dyeb  observed  that  the  rapid  progress  in  the  inventioQ  and  appli- 
cation of  the  ateam  engine  was  very  remarkable  during  the  half  centtuy 
since  its  commencement  by  Watt,  and  was  a  great  encouragement  to 
further  progress.  The  power  of  mind  over  matter  seemed  destined  to 
proceed  with  an  accelerating  force ;  the  last  25  years  had  done  nach 
more  than  the  previous  25  years  of  the  century. 

He  proposed  a  vote  of  thanks  to  the  Chairman  for  the  interesting 
and  valuable  communication  he  had  brought  before  the  meeting ,'  aod 
the  .vote  was  seconded  and  passed. 


The  following  Paper,  hy  Mr.  Benjamin  Fothergill,  of  Manchester, 
was  then  read  : — 

ON  AN  IMPROVED  WATER  METER. 

Amongst  the  various  ohjects  to  which  men  of  mechanical  genias 
have  directed  their  attention  for  many  years,  that  of  producing  a 
machine  for  accurately  measuring  the  flow  of  water  has  been  con- 
sidered a  great  desideratum ;  and  amongst  the  number  which  have 
been  submitted  to  the  public,  that  of  Mr.  Thomas  Taylor,  of  Man- 
chester, which  forms  the  subject  of  the  present  paper,  appears  to 
contain  all  the  essentials  of  a  complete  and  correct  meter. 

A  meter  is  required  to  sustain  the  greatest  pressure, — the  flow 
must  not  be  interfered  with  by  obstruction  or  friction,  so  as  to 
hinder  its  ascent  to  the  highest  point  of  its  source, — it  must  measure 
correctly  under  eveiy  variety  of  pressure,  and  when  subdued  to  the 
smallest  amount  of  inlet  must  indicate  the  quantity  passing  through 
the  meter, — and  durability  or  non-liability  to  wear  and  tear  must 
be  an  important  feature,  without  which  the  machine  would  be  o( 
little  value. 

Digitized  by  VjOOQ IC 


WATER   METER.  1 43 

It  will  be  seen  that  these  properties  are  all  embraced  in  the 
meter  of  Mr.  Taylor,  and  that  it  is  admirably  adapted  to  answer  all 
the  purposes  for  which  water  meters  have  been  designed.  In  con- 
sequence of  water  being  almost  incompressible,  the  amount  of 
water  contained  in  a  pipe  or  vessel  of  a  given  dimension  must  be 
the  same  under  all  pressures,  and  therefore  if  a  machine  could  be 
constructed  that  would  indicate  correctly  the  speed  at  which  the 
water  flows  through  a  pipe  of  a  given  area,  the  quantity  might  be 
ascertained  to  the  greatest  nicety.  In  Mr.  Taylor's  meter,  now  to 
be  described,  this  object  has  been  achieved. 

The  idea  that  struck  him  for  ascertaining  the  quantity  of  water 
passing  through  the  machine  was  as  follows : — He  first  determined 
the  area  of  the  pipe  through  which  the  water  was  to  flow  (say  equal 
to  two  inches  diameter),  and  in  the  next  place  the  circumference  of 
the  wheel  or  di-um  that  was  designed  to  move  simultaneously  with 
the  flow  of  water  (say  24  inches  circumference).  The  next  question 
would  be,  how  much  water  will  a  2-inch  pipe  contain  in  24  inches 
length ;  and  supposing  this  to  be  one  gallon,  then  in  that  case 
every  revolution  of  the  wheel  or  drum  would  indicate  one  gallon  as 
having  passed  through, — ten  revolutions  would  be  ten  gallons,  and 
so  on,  the  index  being  set  so  as  to  register  the  exact  quantity  pass'mg 
through  the  meter  at  each  revolution. 

The  Meter,  which  is  shown  in  Plate  38,  consists  of  a  cylindrical 
vessel  or  cistern  AA,  of  a  size  proportionate  to  the  bore  of  the  pipe 
that  is  to  receive  and  discharge  the  water;  inside  this  vessel  is  a 
drum  B  revolving  on  its  axis  in  a  vertical  position,  and  the  stream 
of  water  passing  through  the  meter  is  distributed  upon  the  drum  at 
each  side  of  the  meter,  the  water  entering  at  the  two  inlet  openings 
CC,  and  being  discharged  at  the  two  outlets  DD.  The  registration 
is  given  by  a  train  of  wheels  at  E,  connected  with  the  drum,  and 
carried  to  the  indicator  K. 

The  drum  is  consttucted  of  gutta-percha,  thereby  preventing 
liability  to  collapse  or  corrosion,  and  making  it  of  the  same  specific 
gravity  as  water.  The  water  contained  in  the  meter  causes  the  drum 
to  be  buoyant,  by  which  arrangement  the  drum  is  made  to  revolve 
by*  the  slightest  action  of  the  water  against  the  blades  or  buckets. 

The  arrangement  of  the  thoroughfares  or  pipes  FF  outside  the 

Digitized  by  VjOOQ IC 


144  WATER   METER. 

meter,  ootnmnnieating  with  the  Id  side  and  round  the  drum,  for  tbe 
delivery  and  exit  of  the  water,  produces  a  rotary  motion  in  the  water, 
thereby  causing  the  drum*  in  addition  to  its  buoyancy  and  vertical 
position,  to  be  more  certain  in  its  liability  to  reyoire  under  the 
slightest  ptBssuxe  of  water. 

The  branch  pipes  and  valves  GG  from  the  thoroughfares  for 
the  ingress  of  the  water,  are  so  shaped  that  they  bring  the  imme- 
diate action  of  the  stream  passing  tlirough  the  meter  on  the  drmn. 
The  equal  distribution  and  division  of  the  stream  (however  small  it 
may  be)  at  each  side  of  the  di*um,  render  its  liability  to  wear  and 
tear  very  slight ;  and  whatever  the  pressure  or  power  of  the  stream 
may  be,  by  the  above  arrangement  it  is  rendered  neutral  in  causing 
more  or  less  friction  upon  the  axles  or  piyota  of  the  drum,  that  fric- 
tion being  the  same  under  any  pressure,  and  only  sufficient  to  kwp 
the  drum  in  its  position. 

The  valves  GG  (shown  enlarged  in  Fig.  S),  are  constrocted 
after  the  plan  of  a  common  clack  valve,  and  close  the  apertures 
of  the  inlets,  excepting  a  small  tube  H  fixed  in  the  centre  at 
the  clack,  and  projecting  so  as  to  cause  the  stream  of  water  to 
come  into  immediate  contact  with  the  buckets  of  the  drum.  E«<* 
valve  is  closed  by  a  simple  arrangement  of  a  small  india-rubber 
spring  I,  attached  to  an  eccentric  above  the  valve,  the  spring 
being  regulated  by  winding  it  backward  or  forward  on  the  pin  L 
(which  being  once  regulated  becomes  a  fixture,  and  needs  new 
to  be  altered),  so  as  to  give  more  or  less  pressure  to  close  the 
valve.  The  use  of  these  valves  is  occasioned  by  the  fact  that 
although  the  pressure  on  the  drum  may  be  neutralised,  yet  there  is 
necessarily  a  slight  amount  of  fiiction  to  overcome  in  worincg 
the  train  of  wheels  to  the  indicator,  which  is  done  by  the  spring 
closing  the  valve,  and  causing  a  compression  of  the  stream,  so  that 
no  water  is  allowed  to  pass  but  what  forces  through  the  vaJve-tube 
H.  The  valve  is  only  brought  in  requisition  when  a  yery  small 
quantity  of  water  is  passing  through  the  meter,  and  as  tbe  stream 
increases  the  valve  is  not  required  to  insure  correct  measurement  ; 
it  is  then  thrown  open  by  the  vanes  MM,  which  are  fixed  on  the  valve 
spindles,  and  are  carried  outwards  by  the  circulation  of  the  water 
in  the  meter,  when  there  is  a  considerable  stream  passing  through- 
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The  certainty  of  registration  of  this  meter,  its  non-liability  to 
l7ear  and  tear,  and  its  certainty  of  working  under  the  highest  or 
lowest  pressures,  are  caused  by  the  buoyancy  of  the  drum,  its  vertical 
position,  and  the  adaptation  of  the  inlet^pipes  and  compression- 
valves  to  bring  the  stream,  however  small,  into  immediate  contact 
with  the  drum,  and  cause  it  to  revolve. 

Meters  on  this  construction,  of  various  sizes,  and  placed  in 
different  situations,  have  been  in  operation  for  several  months; 
and  the  inventor  has  been  furnished  with  several  testimonials  of 
their  efficiency. 


Mr.  FoTUEBorLL  showed  one  of  the  meters  in  operation  before  the 
meetings  which  had  been  brought  by  Mr.  Taylor  for  the  purpose,  and 
exhibited  separate  specimens  of  the  gutta-percha  drum  and  regulatlDg 
valve.  He  observed  that  the  friction  of  the  dram  was  very  small,  as 
its  weight  was  all  supported  by  the  water,  being  adjusted  to  the  same 
specific  gravity  as  the  water,  and  the  resistance  from  friction  of  the 
wheelwork,  and  the  stuffing  box  for  the  spindle  at  the  side  of  the  meter, 
would  be  very  slight,  on  account  of  the  great  leverage  over  it  at  which 
the  water  acted  on  the  circumference  of  the  drum ;  there  was  conse- 
quMitly  so  exceedingly  small  a  resistance  to  be  overcome  in  making  the 
drum  revolve,  that  the  smallest  stream  of  water  impinging  on  the  drum 
and  flowing  round  its  circumference  was  sufficient  to  overcome  its 
inertia,  and  cause  it  to  rotate  with  a  velocity  proportionate  to  the 
quantity  of  water  discharged,  being  the  amount  of  moving  force.  The 
velocity  with  which  the  circumference  of  the  drum  revolved,  was  conse- 
quently a  correct  measure  of  the  quantity  of  water  discharged  upon  it ; 
and  this  had  been  found  to  be  the  case  in  practice,  for  all  the  meters 
had  been  worked  under  very  extreme  differences  both  in  pressure  and 
in  velocity  of  discharge,  and  those  he  had  examined  or  was  acquainted 
vrith  ha4  proved  correct  in  measurement  throughout.  The  meters  had 
been  used  with  great  advantage  to  measure  the  quantity  of  water  sup- 
plied to  boilers,  so  as  to  ascertain  correctly  the  water  evaporated  by  the 
coals  consumed,  which  was  important  information  in  reference  to 
economy  of  working,  and  could  only  be  satisfactorily  ascertained  by 
means  of  such  a  meter. 
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Mr.  Thompson  said  he  had  had  three  of  the  meten  at  frock  fiir 
several  months  in  Manchester;  one  a  large  meter  to  meaaore  theivtter 
raised  into  a  8000  gallon  cistern,  and  two  others  employed  to  menon 
the  miter  sapplied  to  boilers.  He  had  tested  the  meterB  regabriy 
once  a  week  for  some  time,  and  found  that  they  uniformly  registered 
correctly  within  one  half  per  cent. ;  they  had  kept  in  good  order,  and 
gave  entire  satisfoctioQ. 

The  Chairman  remarked  that  he  had  recently  witnessed  a  trial  of 
the  meter  with  several  members  of  the  Institution,  in  whieh  the  meter 
was  connected  to  a  cistern  containing  100  gallons  of  water  to  aboot 
f  inch  depth ;  the  register  of  the  meter  was  found  to  be  correct  for 
each  100  gallons  drawn  from  the  cistern,  both  when  running  loll  bore 
and  when  discharging  only  by  a  very  small  stream.  The  meter  appeared 
therefore  to  be  accurate  under  both  extremes,  and  he  thought  it  was  a 
very  ingenious  invention,  and  had  an  important  advantage  in  the  sioh 
plicity  of  construction. 

Mr.  PsBRiNa  said  he  had  tried  a  series  of  experiments  on  foor 
different  meters,  and  this  was  the  only  one  that  he  found  not  to  iaO  in 
registering  the  quantity  of  water  when  discharged  in  a  yery  small  stream. 

Mr.  BoFE  inquired  what  was  the  highest  pressure  under  which  the 
meter  had  been  tried  ? 

Mr.  FoTHEROiLL  replied  that  one  of  the  meters  was  working  nndar 
^20  feet  head  of  water  at  Bolton,  and  was  found  to  work  quite  satis^ 
factorily.  The  largest  of  the  meters  that  had  been  made,  wiS  at 
Dukinfield,  where  it  was  supplying  72,000  gallons  per  hour. 

Mr.  RoFE  inquired  what  examination  was  found  to  be  required  after 
the  meters  had  been  in  regular  work  for  a  considerable  time?  tod 
whether  there  was  any  effect  upon  the  gutta-percha  drum  and  the  india' 
rubber  spring  from  tbe  action  of  the  water  ?  He  should  fear  the  india- 
rubber  spring  was  too  delicate  for  such  a  purpose. 

Mr.  FoTHEROiLL  Said  tbat  after  one  year's  constant  work  both  the 
gutta-percha  and  india-rubber  were  found  to  remain  perfect  and  anal- 
tered,  and  he  saw  no  reason  to  doubt  that  the  experience  of  farther 
years  would  give  the  same  result;  the  water  did  not  have  any  action 
upon  them ;  it  would  not  however  do  to  have  a  gutta-percha  drum  with 
hot  water,  and  in  applying  the  meter  to  measure  the  supply  of  water  to 
boilers,  care  must  be  taken  that  it  was  not  exposed  to  water  ^ 
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enough  to  soften  the  gatta-percha.    If  the  meter  were  required  to 
measure  hot  water,  a  h(dlow  copper  drum  should  be  used. 

Mr.  Thompson  observed  that  he  had  a  meter  with  a  copper  drum  in 
constant  use  for  some  time  measuring  hot  water,  and  it  had  proved 
quite  suecessful. 

Mr.  Bovs  asked  whether  there  was  any  reason  besides  its  lower  cost 
for  using  gutta-percha  rather  than  copper  in  making  the  drum  ? 

Mr.  FoTHBRaiLL  replied  that  independent  of  the  cost  being  less, 
the  gutta-percha  had  an  advantage  in-  the  convenience  and  accuracy  with 
which  it  could  be  manufactured ;  it  was  pressed  into  an  iron  mould, 
accurately  made  to  the  form  of  the  drum  with  all  the  teeth,  and  the 
sides  being  then  stuck  on  completed  the  drum. 

Mr.  Shifton  remarked  that  a  copper  drum  might  also  be  objection- 
able, from  being  made  accidentally  out  of  balance,  by  a  lump  of  solder 
left  in  one  part 

Mr.  OowPEB  said  he  did  not  see  how  the  measuring  of  the  water 
could  be  effected  by  the  meter  with  sufficient  certainty,  as  the  measure- 
meint  was  not  made  by  filling  the  buckets  successively  in  the  circumference 
of  the  drum,  they  being  already  full  of  water,  but  only  by  the  velocity 
communicated  to  the  wheel  by  the  stream  of  water  flowing  past  it ;  and 
he  did  not  think  the  measuring  could  be  accurate  at  different  velocities, 
as  the  friction  would  not  be  constant,  and  therefore  the  difference  be- 
tween the  velocity  of  the  wheel  and  that  of  the  water  would  not  be 
constant 

The  CHiJBMAN  observed  that  it  appeared  to  be  considered  that  the 
buckets  or  teeth  on  the  drum  were  carried  forward  and  floated  with  the 
stream  at  the  same  velocity  as  the  stream,  in  consequence  of  the  very 
little  resistance  to  retard  the  drum.  He  was  certainly  surprised  at  the 
accuracy  of  the  results  obtained  in  the  experiments  with  the  meter,  and 
thought  it  well  worth  a  complete  trial,  as  a  simple  and  ingenious  ma- 
chine; and  he  proposed  a  vote  of  thanks  to  Mr.  Fotbergill  and  to  Mr, 
Taylor,  which  was  passed. 


The  following  Paper,  by  Mr.  Edward  Jones,  of  Liverpool,  was  then 
read: — 
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ON  THE  AMERICAN  DRY  CLAY  BRICKMAKINa 
MACHINE. 

This  Machine,  the  inrention  of  Mr.  Culbertson,  of  Phikdelphi&,  is 
one  of  the  numerous  American  inventions  imported  into  this  coantiy, 
and  has  been  worked  in  a  most  satisfactoiy  manner  for  a  considerable 
period,  in  seyeral  parts  of  the  United  States.  The  simplicity  of  con- 
struction of  this  machine,  and  its  complete  adaptation  to  the  intended 
purpose,  are  the  writer's  reasons  for  bringing  it  before  the  meeting.  It 
will  be  seen  from  the  drawings  and  model  that  there  are  few  wearing 
surfaces  in  the  machine,  and  thej  are  not  likely  to  get  out  of  order. 

A  longitudinal  section  is  shown  in  Fig.  1,  Plato  86,  and  transvene 
sections  in  Figs.  2  and  8,  Plate  37. 

A  is  a  strong  cast-iron  frame,  fixed  to  a  brick  or  stone  foundation. 

B,  a  portion  of  the  frame  for  receiving  the  journals  of  the  press- 
wheel  and  roller  shaft. 

C  is  the  mould  carriage,  containing  14  moulds,  each  provided  with  a 
moveable  bottom,  with  stems  projecting  through  the  carriage,  by  means 
of  which,  and  the  lifting  bars  D,  the  bricks  are  raised  from  the  moulds, 
as  the  lifting  bars  D  are  carried  up  the  inclines  E  E  on  friction  rollers 
by  the  forward  motion  of  the  carriage  C. 

F,  slides  for  bearing  oflF,  which  in  the  working  machine  aw  made 
self-acting. 

G  is  the  rack,  bolted  to  the  bottom  of  the  carriage,  worked  by  the 
spur-wheel  H. 

1 1  is  the  clay  box,  fitting  close  on  to  the  face  of  the  mould  carriage, 
and  secured  to  the  frame. 

K  K,  the  hopper. 

L,  the  press-wheel. 

M,  bearing  wheels,  to  sustain  thepressure  on  the  mould  carriage. 

N  N  are  two  spur-wheels  to  cause  the  press* wheel  and  mould  carriige 
to  travel  at  uniform  rates. 

0  is  an  internal  and  external  spur-wheel. 

P  is  the  pinion  on  the  vibrating  shaft,  producing  a  reciprocating  motion 
of  the  mould  carriage,  by  what  is  generally  known  as  the  mangle  motion. 

A  steam  pipe  is  provided,  marked  Q,  which  can  be  used  if  it  is  foaod 
necessary,  to  warm  the  press-wheel,  which  is  cast  hollow,  to  prevent  the 
clay  adhering  to  the  surface. 
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This  maohioe  enables  tlie  mana&cturer  to  contiDue  Ins  operations 
daring  the  whole  of  the  year,  as  the  clay  used  is  in  a  semi-dry  state,  or 
just  as  it  is  dog  from  the  ground,  and  the  bricks  when  made  are  taken 
direct  from  the  mill  to  the  kiln. 

The  machine  is  self-feeding  and  self-delivering,  and  will,  with  ease, 
turn  oat  25,000  bricks  per  day,  harder,  smoother,  and  containing  less 
water,  than  when  made  by  hand,  and  at  a  much  less  coat  Instead  of 
the  present  mode  of  casting,  tempering,  weathering,  &c.,  the  clay  is 
taken  direct  from  the  bank  to  a  pair  of  rolls  running  at  different  veloci- 
ties,  so  as  to  break  it  up  thoroughly,  and  from  thence  to  the  mill  by 
means  of  elevators  or  other  mechanical  appliances. 

The  pressure  upon  the  clay  in  tbe  machine  is  gradual  and  continuous, 
allowing  the  air  to  escape  freely  as  the  clay  is  forced  into  the  mould ; 
and  as  each  mould  passes  twice  under  the  cylinder,  receiving  clay  from 
the  hopper  each  way,  the  brick  is  made  full  and  perfect  in  all  its  edges. 

Bricks  of  any  shape  can  be  made  with  this  machine  by  using  suitable 
moulds. 

In  a  commercial  point  of  view,  the  following  statement  will  show 
the  value  of  the  invention. 

The  present  prices  of  brick- making  in  Lancashire  are : — Casting  lOd., 
faying  2d.,  moulding  Is.  8d.,  tempering  Is.  8d.,  wheeling  off  and  wall- 
ing Is.  8d.,  carrying  off  Od. ;  making  a  total  of  6s.  9d.  per  thousand. 

Taking  the  working  days  at  250  in  the  year,  an  average  of  25,000 
per  day  is 'equal  to  6,250,000  per  year,  costing  at  6s.  9d.  per  thousand, 
£2104  7s.  6d. 

By  means  of  the  machine  we  have : — First  cost,  including  steam 
engine,  foundation,  crushing  rolls,  and  all  other  machinery  required, 
JB1400. 

£         8,      d. 

This  at  15  per  cent,  for  interest  and  deprecia- 
tion is    

Coal,  oil,  and  engine  driver,  for  250  days 
Getting  clay  and  wheeling  to  rolls 
Wheeling  off,  and  attending  to  machine 
Incidentals 


210 

0 

0 

190 

0 

0 

190 

0 

0 

200 

0 

0 

60 

0 

0 

£840     0     0 
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or  2s.  8^d.  per  thousand^  or  a  groas  amount  of  saving  of  £1SI64  7a.  U. 
on  the  years  work;  being  nearly  the  entire  cost  oT  the  whole  oi  the 
madiinery  and  buildings. 


Mr.  J0NB6  exhibited  a  working  model  of  the  machine,  with  foli-eize 
specimens  of  the  bricks,  baked  and  anbaked. 

The  Chaibman  inquired  whether  the  pressure  upon  the  bricks  in 
the  machine  could  be  varied,  if  required  ? 

Mr.  Jones  replied  that  it  could  only  be  done  by  acyustment  of  the 
wheel ;  the  form  and  size  of  the  press-wheel  regulated  the  drvwiog  in 
of  the  clay  under  the  wheel  and  the  degree  of  pressure  into  the  moulds. 

Mr.  H.  Smith  asked  how  long  the  machine  had  been  at  work  ? 

Mr.  Jones  said  it  had  been  working  for  nine  years  in  the  United 
States*  where  machine-made  bricks  were  used  to  a  large  extent  en 
account  of  the  greater  cost  of  labour ;  the  machine  had  only  been  a  short 
time  at  work  in  this  country.  The  comparative  calculation  of  cost  ^ven 
in  the  paper  was  founded  on  the  rates  of  brickmaking  in  the  last  season 
at  Wigan. 

Mr.  Dter  thought  there  would  be  great  objections  raised  in  thai 
neighbourhood  to  making  bricks  otherwise  than  by  hand  labour ;  the 
prejudice  was  so  great  amongst  the  labourers  against  the  introductiott  of 
any  new  machinery,  lest  it  should  supersede  their  employment. 

Mr.  Jovss  remarked  that  this  machine  would  be  a  great  advantage 
to  the  brickmakers,  because  they  could  be  employed  for  the  whole  year 
continuously,  as  the  bricks  did  not  require  drying ;  but  it  was  now  a  reiy 
precarious  employment,  being  dependent  on  the  season  and  neatker. 
There  was  now  one  of  the  machines  at  work  at  Kirkdale,  near  Liverpool, 
making  excellent  bricks  in  all  weathers,  specimens  of  which  were  before 
the  meeting. 

The  Ghaibman  said  he  trusted  that  the  opposition  to  the  introduetkm 
of  machinery  was  now  rapidly  disappearing,  being  only  the  effect  of 
ignorance;  and  it  was  becoming  more  generally  understood  that  the 
farther  the  introduction  of  machineiy  into  a  manufiMStoio  waa  csiiied, 
the  more  manufacture  would  thrive  and  increase.  He  inquired  whet 
was  the  comparison  of  the  number  of  bricks  per  day  that  oould  be  made 
by  hand-labour  and  by  the  machine  ? 
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Mr.  JoKis  replied  that  the  machine  turned  out  S6,000  bricks  per 
day,  and  a  good  brickmaker  made  6,000  or  7,000  per  daj ;  but  these 
had  all  to  be  dried  before  they  could  be  burnt,  and  it  was  a  great  advan- 
tage in  the  machine-made  bricks  that  thej  did  not  require  drying,  but 
were  taken  direct  from  the  machine  to  the  kiln,  making  an  important 
economy  of  time,  as  well  as  preventing  the  great  waste  that  occurs  from 
injury  of  the  bricks  when  exposed  to  the  weather. 

The  Chairman  proposed  a  vote  of  thanks  to  Mr.  Jones  for  his  com- 
munication, which  was  passed. 

The  following  paper,  by  Mr.  Benjamin  Fothergill,  of  Manchester, 
was  then  read : — 

ON  THE  COMBING  OF  FIBROUS  MATERIALS. 

In  investigating  the  various  mechanical  contrivances  for  combing 
fibrous  materials,  a  reference  has  necessarily  to  be  made  to  those  in- 
struments which  the  ingenuity  of  man  originally  contrived  for  the 
accomplishment  of  this  object,  and  there  appears  no  doubt  that  the  com- 
mon or  ordinary  comb,  made  sufficiently  long  and  strong  in  the  teeth, 
was  first  used  for  this  purpose ;  the  defects  of  that  instrument,  however, 
would  soon  become  apparent,  and  the  necessity  for  additional  numbers 
of  rows  of  pins  or  teeth  would  naturally  present  itself,  so  that  the  operator 
might  be  able  to  collect  and  hold  the  various  lengths  of  the  fibres  of 
the  wool  as  he  lashed  or  looped  them  on  to  the  teeth  of  the  comb. 

Sdch  was  the  state  of  things  when  the  Rev.  Edmund  Cartwright,  of 
Doncaster,  in  Yorkshire,  (a  name  ever  to  be  revered  and  respected) 
tamed  his  attention  to  the  subject,  and  contrived  a  machine  for  combing 
wool,  for  which  he  took  out  his  first  patent  in  1790,  and  a  second  in  the 
same  year;  but  it  was  not  till  nearly  two  years  afterwards  that  his 
machme  was  brought  to  what  he  called  *'it8  state  of  simplicity  and 
perfection,"  for  which  he  took  out  a  third  patent  in  May,  170^.  Con- 
cerning the  latter  he  says: — "  This  machine  is  I  believe  the  first  of  the 
kind ;  at  least,  all  former  attempts  (if  there  have  been  any)  must  have 
proved  abortive,  as  previous  to  my  invention,  no  wool  was  ever  known 
to  have  been  combed  any  other  way  than  by  the  slow  and  expensive 
process  of  hand  labour.*' 

The  magnitude  of  this  invention  in  respect  of  its  object  and  its  impor- 
tance to  the  Woollen  Manufacturers,  may  in  some  degree  be  estimated 
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Inr  -the  raLrthr  rf  oDT^ldng  wrol  mnimallT  gitnm  in  tins  klmd,  vibdi 
ATorihi^  t  :■  the  iDDSt  approreid  calrsJslir^is  ccioot  1>e  less  timi  3^0.' •  »'^ 
IT  4  -»' .  >!»!'  pai^ks:  the  average  expense  of  combhig  vidcli  fcr  iMod  mir 
reftsrizul  >  b?  Ifiii  s:  iS*>*«/»C'  cr  r!  .<^r»ri.*X^-  To  d»w  tint  d»  eaka- 
IxiS.c  k  c  j1  &rfr:-s  ibe  tnrdL  it  need  cmlr  be  recoQectad  thft  tke  hsh 
of  vioj-ODdbeis  k  5CT<5^39ed  to  be  nesrij  50.C*C>0.  «in%pg  ulios  the  da« 
vljrli  the  iiLtr^iDrti^ii  of  iMs  msdiiDe  has  occMsa^meA  is  vdl  koovB: 
in  vfcrl^  of  4'j  petzd^cs.  from  tiHoos  puts  of  the  kiugjom.  were  fit- 
spiral  !:•  ptrliLnxf^t  d:2ing  ihe  cr-mse  of  tfcc  present  ses^oo.  far  tti 
scTTic^itsiic :  mi  f^r  tids  purpose  m  bill  wis  bmzgbt  into  tbe  Hoose  rf 
C.cr:i>r«:s  It  the  fceois  of  the  pethjoneis :  it  w«s  faowerer  tfannra  tJit 
Inr  ft  cT«tt  riBS?r:tT :  iii3f»ei  biJ  t3>e  priDCij»le  of  the  fcill  beenafdntoi 
there  ▼nzli  b&rv  bMB  xn  eel  lo  all  mamilactiinn?  Li.ii'jteacti:  fctf 
secifrir  eren  tii?  ornsolr-rsii  .^n  as Je.  on  other  ^incsples  of  petier.  k 
lit  :*£li  hiTe  l.eien  inEinisKble;  and  eren  on  the  princpfc  of  limiiii!y  fli 
the  pecu:^>eTS.  the  onlr  ground  on  which  it  cnM  he  defendol  that 
is  reaaon  to  belkre  it  irc^sli  not  have  been  neioessKnr.  the  ratrodadin 
of  new  inTdDrDS  or  improremenls,  whtterer  mar  be  tbrir  nine,  beicg 
in  gesefal  sc^  grais&l  as  to  affect  d>ose  vhose  oonspatioiis  ther  latadex 
midi  *2ia:6t  impenxTCfblT. 

Tr*  hvKznz  of  tiSs  irleresMg  maddne.  sbovn  in  Plate  SI,  it  «fM 
fc-:.3B  ibe  c-nriril  one  in  the  Patent  OSoe  Tig.  1  is  the  crank  lasher  «a 
cmtiirLnce  in:es3ei  to  sopersede  the  man  s  aim  and  hand  in  luhiag 
the  v:«?l  into  cir7i:!ar  ccn:^  •-  A  a  tnbe  thrc'Ogh  videh  the  materitl.  Wiae 
lonned  inio  a  slirer,  and  sli^tlj  tvisled,  b  dnvn  forvifd  K  ^ 
delivering  rz-Vreis  £.  B  a  mhe«l  fest  opoo  the  cross-bar  cf  the  oi^ 
C  a  vbeel  on  the  oppo^te  eci  of  whose  axis  b  a  pinion  wwiing  in  a 
wheel  Of  on  the  axis  of  ?ce  of  the  deliTering  rollers. 

TThen  two  or  mcTe  sZjrers  are  reqnhied.  the  cans  or  ba^ets  in  vMdk 
tber  are  contained  aie  placei  np:«n  a  table  nnder  the  lasher  >as  rfpre- 
senied  at  D i.  wh:;h.  Ir  having  a  slow  motkm,  twists  them  tegette  m 
tbej  g?  up. 

In  Fig-  5,  F  is  the  Ciicnlar  Clearing  Comb,  for  giring  wnk  ia  the 
bead,  carried  in  a  fr&s^  by  two  cranks  W  W. 

G  G.  the  Comb  Talle,  baTing  the  teeth  panting  towards  the  oentrf. 
n>ove<i  br  cogs  apon  the  rim,  and  carried  r^4ind  apon  trwcks  like  the  beit 
of  a  windmill 
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H  H,  the  drawing  rollers.     1 1,  callender  or  couducting  rollers. 

Uoder  the  table  is  another  pair  of  rollers  for  drawing  out  the 
hackings,  but  these  are  not  shown. 

Such  10  a  description  of  Cariwright*s  niacbine,  of  1792,  and  it  is  a  sin- 
gular fact  thatalthou^h  he  patented  another  machine  in  which  considerable 
improvements  were  introduced,  jet  he  did  not  perceive  the  great  evil 
which  existed  not  only  in  his  own  machines,  but  also  in  the  mode  of 
treating  the  wool  bj  the  hand  comber;  and  although  a  great  number  of 
patents  have  been  taken  out  for  improvements  in  machinery  for  combing 
wool  from  the  time  of  Cartwright  to  the  present  period,  yet  all  of  them 
up  to  the  year  1846  continued  to  overlook  the  fact  that  in  the  process 
of  combing  the  majority  of  the  fibres  were  broken  in  two,  producing  not 
only  more  *' noil"  or  waste,  but  considerably  shortening  the  otherwise 
long  fibre;  and  although  they  had  the  practice  of  the  hand  fiax-dresser^ 
as  well  as  the  improved  machines  for  heckling  or  combing  flax  before 
their  eyes,  yet  they  did  not  discover  or  attempt  any  means  to  remedy 
this  serious  defect. 

This  was  the  state  of  things  when,  in  1846,  Josue  Heilmanu,  of  Mul- 
hausen,  in  France,  introduced  his  improved  machine  **  for  the  purpose  of 
eombing  eotton  as  well  as  wool  and  other  fibrous  materials ;  into  which 
machine  the  fibres  as  they  come  from  the  dressing  machine  are  intro- 
duced in  the  form  of  a  lap,  sliver,  or  fleece,  which  is  broken  asunder, 
and  the  fibres  are  combed  at  each  end,  and  the  long  and  short  fibres  are 
separated,  the  long  ones  being  united  in  one  sliver,  the  short  ones  in 
another ;  and  they  are  passed  out  of  the  machine  thus  separated  ready 
for  drawing,  roving,  and  other  subsequent  operations." 

A  drawing  of  Heilmann's  machine  is  shown  in  Plate  35,  in  which 
Figs.  1,  2,  and  3  show  three  successive  positions  of  the  moving  parts. 

The  object  of  the  machine  is  to  avoid  the  old  and  injurious  process 
of  '*  lashing"  the  fibres  round  the  teeth  or  pins  of  the  combs,  and  the 
contrivance  to  effect  this  object  is  as  follows : — The  end  of  a  "  sliver" 
of  uncombed  wool  A  is  delivered  into  the  machine,  and  the  front  end 
B  of  this  sliver  is  combed  by  the  pins  C  C  fixed  on  one  portion  of  the 
surface  of  the  revolving  cylinder  D,  whilst  the  entire  mass  of  the  sliver 
is  held  tight  between  the  holding  *'  nippers"  E  F,  as  shown  in  Fig.  1  ; 
which  shows  the  position  of  the  machine  when  the  combing  by  the  pins 
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0  C  is  just  commencing.  After  these  pins  have  cotnb«d  <mt  the  Aort 
fibres  and  other  refuse  from  the  sliver,  the  nippers  E  F  open,  as  shown 
in  Fig.  a,  and  at  the  same  moment  the  moveable  oomb  G  is  made 
to  pierce  through  the  sliver,  by  the  pins  H  H  lifting  the  lever  attached 
to  the  arm  of  the  comb  ]  and  the  drawing  roller  I  coming  at  the  same 
time  into  contact  with  the  fluted  portion  K  K  of  the  cylinder  D,  lays 
hold  of  the  front  portion  B  B  of  the  fibres  (which  have  been  combed), 
and  draws  the  uncombed  portion  through  the  fixed  combs  L  L  and  the 
moveable  comb  G,  thus  eflPecting  a  combing  of  the  tail- end  of  the  pa^ 
tion  of  the  sliver  which  is  thereby  detached. 

The  machine  is  then  made  to  pass  another  portion  of  the  shVer 
forward  from  A,  by  the  action  of  the  cam  M,  which  draws  back  the 
nippers  towards  the  fixed  comb  L,  as  shown  in  Fig.  3,  when  the  nip. 
pers  are  closed  and  pulled  down  by  means  of  the  lever  N  and  rod  0 ; 
and  the  cam  M  having  passed  into  the  positiou  of  Fig.  1 ,  the  lerer  P 
which  vibrates  from  a  fixed  centre  R  and  carries  the  nippers  by  the 
centre  S,  returns  to  its  original  position  as  in  Fig.  1 ,  causing  the  nippere 
to  draw  forward  another  length  of  the  sliver  from  A.  The  entire  pro- 
cess being  repeated  with  the  succeeding  length  of  fibre,  another  portioB 
is  combed  and  detached,  and  is  carried  forward  by  the  drawing  roller  I. 
and  pieced  on  to  the  preceding  portion  ;  the  combed  wool  leaves  the  roar 
chine  in  a  continuous  sliver,  passing  through  the  calender  rollers  T  T, 
into  a  can  U,  from  which  it  is  taken  to  the  after  processes  of  drawioj 
and  spinning. 

The  pins  C  C  on  the  cylinder  D  are  cleaned  by  a  revolving  bruA 
V  ;  and  the  short  fibres  and  refuse  are  delivered  and  struck  into  the 
card  teeth  on  a  revolving  roller  W,  from  whence  they  are  "  defied"  bj 
the  knife  X. 

Thus  in  this  way  the  fibres  are  combed  and  laid  parallel  bythe»de 
of  each  other  without  being  broken ;  and  to  such  perfection  has  this 
machine  been  brought,  that  not  only  some  kinds  of  wool  which  could 
not  be  combed  by  machinery  prior  to  Heilmann  s  iuventidtt,  bat  cotton, 
silk,  and  tow  are  now  undergoing  this  new  mode  of  treatment  with 
decided  advantage  and  complete  success :  and  the  accompanjiog  spe- 
cimens Inid  before  the  meeting  will  shew  the  difference  between  tbe 
ordinary  carded  cotton  and  the  combed  cotton.  Besides,  this  machine 
can  be  so  constructed  as  to  take  out  difierent  lengths  of  fibre  from  one 
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sample  of  mateml,  as  shown  in  the  aocompanying  samples  of  silk,  and 
daring  the  first  operation  it  selects  all  the  longest  fibres,  which  are  the 
most  yaloable ;  the  remainder  are  then  put  throogh  the  next  machiner 
which  has  the  nippers  and  rollers  placed  closer  together*  and  a  second, 
though  shorter  olass  of  fibres  are  combed  and  selected ;  it  is  again  sub- 
mitted to  a  third  operation,  and  the  shortest  length  is  selected^  and  the 
remainder,  it  will  be  observed,  is  nothing  but  '^noil"  or  waste. 
Such  is  the  character  of  this  beautiful  invention,  which  is  well  deserving 
of  consideration;  and  it  may  be  observed  that  this  machine  is  now  being 
introduced  into  the  Manchester  cotton  mills,  where  tlie  higher  classes 
of  nambers  are  spun. 


Mr.  FoTHERGiLL  exhibited  a  series  of  specimens,  from  France  and 
Yorkshire,  of  cotton,  flax,  and  silk,  illustrating  the  process  of  combing, 
and  the  various  degi:ees  of  fineness  in  quality  that  could  be  produced ; 
and  showed  the  effect  of  looping  the  material  over  the  teeth  of  the  comb 
and  breaking  the  fibres  as  in  the  old  process  of  combing,  and  the 
superior  result  of  drawing  out  the  long  fibres  unbroken  by  the  improved 
process  of  Heilmann  described  in  the  paper.  He  stated  that  previously 
nothing  farther  could  be  done  with  the  refuse  tow  left  from  combing 
flax,  beyond  carding  and  spinning  it  into  a  coarser  class  of  yarn  ;  but 
by  the  improved  process  as  great  a  value  could  be  obtained  from  that 
refuse  by  additional  combing  as  was  obtained  from  the  first  combing  by 
the  old  process. 

Mr.  Dyer  said  he  had  witnessed  the  operation  of  the  machine  at 
Mr.  Houldsworth's  mill,  and  was  very  much  struck  with  the  perfection 
with  which  the  machine  selected  the  long  from  the  short  fibres ;  it  was 
certainly  a  highly  ingenious  and  important  improvement  in  the  process 
of  combing,  and  appeared  likely  to  make  a  great  change  in  the  treatment 
of  fibrous  materials. 

Mr.  FoTHEBGiLL  remarked  that  one  great  advantage  in  the  improved 
process  was  that  the  fibres  obtained  were  all  of  the  same  length, 
but  there  used  to  be  a  mixture  of  many  difierent  lengths,  on  account  of 
the  fibres  being  so  much  broken  in  the  combing ;  also  this  machine 
could  be  so  arranged  as  to  select  all  varieties  of  length  of  fibre  without 
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bueftking  tbem,  snd  be  bad  knawtt  as  many  as  B&vetMtn  diflBteaC 
kngths  of  oc^tton  picked  out  from  one  sample.  The  titt!f<»iiutj  ob* 
taaned  in  the  length  of  fibre  ^vae  an  itorportant  advantage  in  spwidng, 
and  it  vas^  attraeting  gr«at  attentioA  m  the  spanmig  dletricfB. 

T^e  GHAitiMAN  observed  that  the  new  combing  maebine  was  a  tery 
beaatifol  meehanical  Invention,  intmded  to  perform  a  delicate  and  difr 
colt  proeeas,  and  it  appeared  to  be  qvdie  saeceesful  in  aoeempliflMBg 
that  ol^eot,  by  effecting  a  rery  important  improrement  orer  the  former 
process.  He  proposed  a  vote  of  thanks  to  Mr.  Foliiergill,  for  his  vale- 
able  and  interesting  paper,  which  was  passed. 

The  following  paper,  by  Mr.  William  Fairbaim,  of  Manchester,  was 
then  read : — 

ON  THE  RETARDATION  AND  STOPPAGE  OF 
RAILWAY  TRAINS. 

The  general  principle  of  railway-carriage  breaks,  namely,  that  of 
retarding  or  stopping  the  revolution  of  the  wheeb  by  the  pressare  of 
break-blo<^  against  their  peripheries,  is  limited  in  its  appVwadon  to 
the  single  carriage,  in  which  the  power  is  applied  by  the  gaaid  s  hand ; 
and  looking  at  the  present  greatly-increased  velocities  of  trains,  and 
their  probable  aeeeleiation»  it  beoomea  a  very  important  questioD, 
whether  some  more  powerfnl  and  speedy  control  is  not  required  of«r 
the  motion  of  the  train  than  can  be  obtained  by  the  <Mrdiaary  plan  of  a 
break  npon  one  or  two  guards*  vans,  and  upon  the  tender. 

Many  plans  have  been  proposed  daring  the  progress  of  the  nilnay 
system  for  the  accomplishment  of  this  desirable  object,  and  amongst 
them  may  be  mentioned,  as  one  of  the  most  practical,  a  plan  invented 
some  years  since  by  Mr.  Robert  Heath,  of  Moss  Side,  near  Man^^estar, 
which  consisted  of  break^blocks  fixed  in  slide-bars  in  each  eaniage»  and 
worked  by  a  lever  vrith  a  weight  upon  the  end  of  it,  a^iusted  to  give  the 
requisite  pressure  upon  the  wheels.  When  the  pressure  of  the  breaks 
y^aa  required  to  be  taken  off,  the  ends  of  the  levera  were  lifted  by  means 
of  a  tensk>n*bar  and  chains,  which  extended  the  whole  length  of  the 
train,  and  were  worked  by  a  rack  and  pinion  within  reach  of  the  gnaid. 
The  peculiar  feature  in  this  break,  distinguishing  it  from  the  ordinary 
hand  breaks,  was  the  employment  of  a  weight  to  put  on  the  pressare  of 
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die  bveftks,  indepeiident  of  tike  power  of  the  meD's  hand,  and  aimultar 
neously  in  everj  earriage  of  the  train,  giving  an  importont  advantage 
in  the  great  increase  of  power  available  for  stopping  the  train,  and  the 
promptneae  of  ita  actWo,  the  guard  having  only  to  leleaae  a  catch  in 
order  to  pntea  all  the  breaks  at  once,  and  emplc^ing  hie  own  power 
odIj  in  Ming  off  the  breaks  afterwaide,  bj  means  of  the  rod  and  chain 
eommuiioating  with  each  carriage.  In  a  praetioal  trial  of  these  breaks 
in  1848,  with  a  tndn  of  five  oaniages  and  a  van,  all  fitted  with  the  breaks 
acting  together,  and  the  tender-break  also  used,  the  following  results 
appear  to  have  been  obtained : — 


Speed  of  Train  when  Breaks 
were  applied. 

Descending  gradient. 

Distance  ran  after  Breeks 
were  applied. 

40  miles  per  hour. 

50        „ 

S5        „    .     „ 

1  in  100 
1  in  100 
1  in  82 
1  in  200 

148  yardi. 
168      „ 
232      „ 
264      „ 

Numerous  other  plana  have  been  SQggested,  and  thed  at  different 
times,  for  the  porpose  of  arresting  the  motion  of  railway  trains,  within 
shorter  distances  than  can  be  effected  by  the  ordinary  hand  breaks ;  but 
none  of  them  appear  to  have  answered  the  purpose  satisfactorily,  or 
e0ected  any  material  change  in  the  breaks  in  general  use. 

The  next  imfHrovement  requiring  particular  notice,  is  the  break 
recently  invented  by  Mr.  James  Newall,  of  Bury,  the  more  immediate 
Bubjeot  of  the  present  paper. 

The  immense  extension  of  railway  communication,  and  the  number 
of  persons  conveyed,  involve  oonsideiations  of  such  vast  importance,  as 
to  render  any  attempt  to  obtain  increased  security  a  subject  of  deep  in- 
terest, in  whatever  form  or  direction  that  secnhty  can  be  effected.  If 
the  causes  are  considered  of  the  railway  accidents  which  from  time  to 
time  take  place,  they  may,  in  many  inatauces,  be  traced  to  those  arising 
fiK>m  the  inability  to  bring  a  train  from  a  state  of  motion  to  a  state  of 
reet,  or  in  other  words,  to  absorb  the  momentum  of  the  train  within  a 
given  distance  of  space,  and  that  without  injuiy  to  the  carriages,  or 
endangering  the  safety  of  the  passengers.  This  has  always  been  a  de- 
fect in  railway  travelling,  and  many  of  the  serious  accidents  arising 
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from  oollidions  of  one  Imin  ninniog  mto  another,  have  occomd  fireoi 
Hie  want  of  power  to  stop  the  tndn  in  motion  before  it  arrived  at  tiM 
point  of  contact. 

This  to  some  extent  has  been  accomplished  bj  Mr.  Kowairs  hretk, 
and  from  the  results  of  the  experimenta  made  on  the  East  Lancashim 
Railway,  on  the  7th  November  last,  as  described  sabseqomtly,  this 
break  appears  to  bid  &ir  to  accomplish  that  object,  or  at  all  events  to 
become  the  precursor  of  further  improvements,  giving  increased  B^caxkj 
to  railway  travelling. 

The  following  is  a  description  of  Mr.  Newall*8  break,  which  is 
shown  in  Plate  39  :— 
^  The  object  of  this  invention  is  to  work  as  many  of  any  descriptiQD 
of  breaks  as  the  weight  of  a  train  may  require*  either  fjnom  the  engioe 
or  guard's  van,  or  from  any  of  the  carriages  in  the  train.  A  lever,  A, 
is  fixed  to  the  centre  shaft  of  the  break,  under  each  carrii^e,  to  extend 
to  the  end  of  the  carriage ;  the  length  of  this  long  lever,  as  compared 
with  the  short  arms  which  apply  the  break-blocks  to  the  wheels,  is 
about  11  to  1.  A  cylinder,  B,  is  fixed  to  the  end  of  each  caniage, 
containing  a  spiral  spring,  which  will  shut  up  inside  the  cylinder  to  U 
inches  length  when  compressed ;  under  this  spring;  is  placed  a  cn«- 
head,  0,  which  projects  out  of  the  cylinder  at  each  side,  and  is  acted 
upon  by  the  spiral  spring ;  this  cross-head  is  connected  to  the  end  of 
the  lever  A,  and  the  spring  gives  a  pressure  of  about  56]bs.  at  the  end 
of  the  lever,  which  multiplied  by  the  leverage,  11  to  1,  gives  a  pressare 
on  the  four  wheels  of  about  6 1 6  lbs  ;  this  pressure  is  found  sufficient  for 
ordinary  stoppages.  Two  upright  racks,  DD,  are  connected  to  the 
cross-head,  C,  and  they  are  acted  upon  by  a  pinion,  £,  fixed  on  the 
main  shaft  at  the  top  of  the  carriages ;  only  one  of  these  racks  is  in 
action  at  a  time,  but  two  racks  are  used,  because  when  a  carriage  comes 
to  be  connected,  and  is  the  wrong  end  about,  one  mck  can  then  be 
thrown  out  of  gear,  and  the  other  into  gear,  so  as  to  reverse  the  motion, 
which  is  done  by  sliding  the  frame  cariying  the  pinion  £,  by  means  of 
a  small  lever  at  the  top  of  the  carriage.  The  connecting  shaft  F  is 
carried  on  to  each  carriage,  and  on  to  the  tender  at  G ;  and  if  the  guard  s 
catch  is  on,  in  his  van  at  H,  the  engine-driver,  by  giving  a  lift  at  the 
handle  G,  as  if  taking  the  breaks  off,  liberates  the  guard's  catch,  and 
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BO  (vice  versa  J  all  these  catches  are  made  to  fall  hack  from  the  ratchets 
by  balance  weights  (as  shown  enlarged  in  Fig  5),  on  the  weight  being 
taken  off  them  ;  as  soon  as  the  catch  is  fallen  back,  the  guard  or  driver 
lets  go  the  handle,  and  the  breaks  apply  themselves  by  the  pressure  of 
the  springs,  but  the  guard  or  driver  can  apply  as  much  more  pressure 
as  he  thinks  fit  by  giving  the  handle  a  few  extra  turns  The  coupling 
of  the  shaft  F  between  the  carriages  is  effected  by  a  spring  catch  T, 
similar  to  a  brace  and  bit,  as  shown  in  Fig.  3.  A  man  can  couple  and 
uncouple  six  carriages  in  as  many  minutes ;  each  coupling  is  made  to 
offer  either  end  by  means  of  a  swivel  joint,  so  as  to  couple  with  the 
next  carriage,  whichever  end  may  be  put  to  It.  Five  or  six  turns  of 
the  handle  on  the  tender  or  van  are  sufficient  to  apply  the  breaks,  or 
take  them  off,  and  one  guard  can  work  six  of  them  easier  and  quicker 
than  one  of  the  ordinary  breaks.  After  the  train  is  marshalled  in  the 
usual  way,  the  porter  drops  all  the  breaks  on,  and  then  mounts  the 
carriage  and  couples  each  ;  in  addition  to  the  spring  stud  on  the  oppo- 
site side  of  the  coupling,  a  thumb-screw  is  used  as  an  additional  safety. 
When  all  are  coupled  together  the  apparatus  can  be  worked  from  any 
portion  of  the  train,  or  from  the  tender ;  the  shaft  T  which  passes 
along  the  top  of  the  whole  train  is  made  of  Q  j-in.  iron  tubing,  about 
^in.  thick,  and  revolves  in  light  cast-iron  pedestals,  and  on  each  carriage 
it  is  made  with  an  expanding  slide  M  of  l^in.  square  iron,  working  iii 
a  steel  square,  welded  in  the  end  of  the  other  tube ;  the  steel  square  is 
about  ^im.  long,  and  the  square  bar  6ft.  long.  If  the  shackle  becomes 
broken  this  square  bar  is  drawn  out  of  the  tube,  and  the  breaks 
instantly  are  liberated  and  apply  themselves.  Double  ball-and-socket 
joints  NN  are  provided  at  each  coupling,  to  allow  for  differences  in  the 
heights  of  the  carriages,  and  curvature  of  the  trains. 

In  addition  to  the  advantage  of  being  able  to  stop  the  trains  in  so 
much  shorter  a  time,  a  saving  of  70  per  cent,  is  stated  to  be  found  in 
the  wear  of  the  tyres ;  this  saving  in  wear  is  effected  by  not  having  to 
skid  or  stop  the  revolution  of  the  wheels,  so  as  to  cause  them  to  slide 
on  the  rails.  Trains  are  being  also  fitted  up  with  the  connections 
running  under  the  carriages,  but  the  principle  is  the  same ;  the  connec- 
tion underneath  being  sometimes  preferred  as  more  convenient  for 
carrying  it  past  carriage-trucks,  horse-boxes,  &c. ;  if  the  connection  is  to 
be  carried  over  the  tops,  the  carriage-trucks  require  a  frame  at  each  end 

to  support  the  rod;  the  connection  can  easily  be  taken  0Yep4he  horse- 
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boxes.  The  breaks  need  not  be  applied  to  every  refaicle  id  the  tfsm, 
if  destred,  tbe  ooapling-rod  only  being  required  to  be  eontinved 
throagbout  tbe  train,  wbicb  tben  acts  as  a  perfect  signal  for  eommiiDMt- 
tion  between  tbe  gaard  and  engine-driver  when  there  is  danger  cf  a 
collision. 

The  following  objects  are  proposed  to  be  obtained  in  this 
break  : — 

1st. — A  direct  communication  between  the  engine^river  and 
the  guard  ;  and  it  has  to  be  observed  that  this  communication  is 
always  available  by  either  party,  in  the  event  of  a  sudden  and  on- 
expected  discoveiy  of  danger  or  obetruction  upon  the  line,  and  this 
accomplished,  not  by  ringing  a  bell  or  blowing  a  whistle,  where 
time  is  lost  before  the  break  can  be  applied,  but  by  on  instantaneous 
application  of  the  break  itself,  or  rather  the  whole  of  the  breaks. 
which  in  every  case  is  the  first  intimation  of  the  presence  of  dan- 
ger, and  the  remedy  to  avert  its  occurrence.    This  appears  to  be  an 
important  feature  in  the  plan,  it  is  easy  of  application,  and  proba. 
biy  the  best  signal  that  can  be  made  between  two  officers  of  audi 
responsibility  as  the  driver  and  guard.    In  the  experimental  trial 
of  this  break,  tliis  was  an  important  feature,  and  one  that  eoold  not 
be  mistaken  at  the  moment  the  breaks  were  liberated  ;  the  check 
(it  could  not  be  called  a  shock),  was  so  distinctly  felt,  as  to  arouse 
the  attention  of  less  vigilant  persons  than  guards  and  drivers,  who 
are,  or  should  be,  constantly  on  the  look-ouU 

2nd. — ^The  instantaneous  and  simultaneous  application  of  tbe 
break  to  every  carriage  in  the  train  ;  and  the  immediate  applicatioo 
of  a  retarding  power  to  a  body  of  such  magnitude  as  a  train  in  mo- 
tion, and  that  without  endangering  its  security,  is  an  advantage 
of  great  importance  in  this  plan.  The  breaks  are  not  screwed 
against  tbe  peripheries  of  the  wheels,  as  is  done  in  the  usual  war 
by  the  guard  in  the  carriages,  and  the  fireman  on  the  tender ;  bat 
the  whole  of  the  breaks  (even  if  80  in  number),  ai^  dropped  at  once 
upon  the  wheels,  and  by  the  expanding  force  of  the  springs  in  the 
vertical  tubes,  the  effect  is  such  as  to  act  as  a  signal  from  tiia 
driver  to  the  guard,  or  vice  vena  from  him  to  the  driver ;  no  tioM 
tiierefore  is  lost,  and  the  retarding  force  is  in  6perati<m  up<«  eveiy 
^lage  at  one  and  the  same  time,  and  by  this  operation  a  few 
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seoonds  only  cure  required  to  reduce  ihe  velocity  and  absorb  a  con- 
siderable portion  of  the  momentum  of  the  train.  This  simultaneous 
action  is  therefore  of  the  utmost  importance,  particularly  in  the 
event  of  a  threatened  collision,  vhich  by  this  means,  if  not  totally 
averted  will  assuredly  be  greatly  mitigated  in  its  eflfects. 

3rd. — The  power  which  either  the  engine-driver  or  the  guard 
have  together  or  separately  to  sledge  the  train,  or  to  increase  or 
diniinish  the  pressure  on  the  breaks.  In  applying  this  plan  of 
breads  to  a  railway  train,  particular  eare  is  required  in  the  first  in- 
stance when  the  train  is  maxshalled,  to  regulate  and  adjust  the 
breaks  upon  each  carriage,  so  as  to  give  neither  more  nor  less  than 
the  required  pressure.  This  it  will  be  observed  is  a  constant  quan- 
tity, and  the  remaining  pressure  when  required  must  be  applied  by 
the  driver  or  guard ;  and  as  time  is  an  element  in  this  application 
there  is  the  less  danger  of  its  being  injuriously  applied,  even  when 
extended  to  the  limit  of  sledging  the  train,  or  stopping  all  the 
wheels.  This  power  of  application  is  however  necessary,  as  the 
same  amount  of  friction  could  not  be  applied  with  security  to  the 
train  by  the  force  of  the  springs  without  incurring  risk  in  the  break- 
age of  the  wheels  or  axles. 

The  following  are  the  particulars  of  the  experiments  made  upon 
the  East  Lancashire  Railway,  to  ascertain  the  retarding  power  of 
Mr.  Newall's  break,  in  stopping  railway  trains.  The  train  in  each 
case  consisting  of  10  carriages,  besides  the  engine  and  tender,  with 
a  gross  weight  of  88  tons,  including  the  engine  and  tender. 


No.  of 
£xp«ri. 

ment. 

Deaoending 
Gradient. 

Speed  of  Train  when 
Break!  were  applied. 

Distance  run 
after  Breaks, 
were  applied. 

Bemarks. 

1 
2 

1  in  632 
Level 
lin38 
lin40 
Level 
Level 
Level 

38  milea  per  hour 

33        ,. 

46'      „ 

48        „ 

48        „ 

40        „ 

50        „ 

218  yardf 
100     „ 
430      „ 
371      „ 
192      „ 
138      „ 
310      „ 

Bails  mottt  &  slippery 
Bury,  rather  doubtful 
Accrington  Incline 
Ditto        ditto 
Blackburn,  two  wheels 
Ditto,  five  do.  [sledged 
Ditto 

Level 
'Level 

42        „ 
40        „ 

620      „ 
800      „ 

f  Blackburn,  3  wheels 

i     sledged 

Ditto 
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The  experiments  1  to  7  were  made  with  8  of  the  carriages  Id  the 
train  fitted  with  Newall*s  break,  besides  the  ordinaiy  tender  break  • 
and  the  experiments  8  and  9  were  made  with  ordinary  breaks, 
2  carriages  boiog  fitted  with  them  in  No.  8,  and  1  in  No.  9. 

In  the  experiments  5  to  9,  more  particular  care  was  taken  to  as- 
certain the  speed  by  time  and  distance,  and  the  moment  at  which 
the  breaks  were  to  be  applied  was  marked  more  definitely  by  the 
explosion  of  a  detonating  signal  at  the  point  fixed. 

The  geseral  result  of  these  experiments  appears  very  favoarable  to 
Mr.  Newall's  break,  as  to  the  efficiency  of  its  retarding  power  compared 
with  those  in  ordinary  use.  At  40  miles  an  hour,  upon  a  level,  wiib 
the  improved  break  the  train  was  brought  up  in  a  distance  of  138  yards, 
but  with  the  ordinary  breaks,  at  41^  miles  an  hour,  620  yards  was  mn 
over  before  the  train  could  be  stopped ;  or  in  other  words  a  railway 
train  can  be  stopped  in  one-fourth  the  distance. 

Another  plan  has  been  proposed  by  Mr.  Samuel  Newton,  of  Stock 
port,  for  attaining  the  same  object  ot  putting  on  the  breaks  in  the  tndn 
by  self  acting  means.  To  accomplish  this  a  friction- wheel,  2^  feet 
diameter  and  10  inches  broad,  is  proposed  to  be  fixed  on  the  centre  of 
each  axle;  this  friction- wheel  is  to  be  surrounded  with  an  ordinary 
olamp  break,  such  as  is  generally  used  in  connection  with  cranes,  conr 
sisting  of  an  expanding  steel  ring,  lined  internally  with  wood.  One  end 
of  this  break-ring  is  fixed  to  the  carriage  frame,  and  to  the  other  end  is 
attached  the  short  arm  of  a  lever,  so  that  when  the  long  arm  of  the 
lever  is  raised  the  ring  is  by  this  motion  enlarged  a  little  in  diameter 
to  allow  the  friction- wheel  to  revolve  within  it  without  being  touchei 
The  long  arm  of  the  lever  from  the  front  axle  approaches  that  from  the 
hind  axle,  and  both  meet  under  the  centre  of  the  carriage ;  here  the 
levers  are  joined  by  a  bolt  with  a  slide,  so  that  they  mny  rise  and  fall 
together.  A  weight  is  then  attached,  the  tendency  of  which  is  to 
depress  both  levers,  and  to  cause  their  respective  short  arms  to  collapse 
each  break- ring  tightly  round  the  friction -wheel,  and  thus  arrest  its 
revolution,  and  with  it  that  of  the  axle  and  wheels.  This  is  proposed 
to  he  the  arrangement  for  every  carriage,  the  weight  on  the  levels 
between  each  pair  of  wheels  being  about  ISOlbs.  By  force  of  grarity 
the  breaks  will  apply  themselves,  and  the  power  to  be  exerted  must  be 
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for  the  purpose  of  taking  them  o£P.  This  is  proposed  to  he  done  hy  the 
pttll  of  the  engine,  by-  means  of  a  metal  rod  with  joints,  which  passes 
under  all  the  carriages  in  a  train,  and  is  placed  in  connection  with  the 
weighted  levers.  The  first  end  of  this  rod  is  to  be  joined  to  the  tender, 
and  when  the  engine  stalls  it  will  draw  oat  the  rod  so  as  to  lift  up  all 
the  levers,  and  thus  release  the  breaks  from  the  friction-wheels,  and 
keep  them  clear  so  long  as  the  engine  continues  its  tension  upon  the 
draw-bar.  By  this  arrangement  it  is  contemplated  by  the  inventor, 
that  in  order  to  stop  the  train  it  will  simply  be  necessary  to  arrest  the 
speed  of  the  engine,  and  that  the  draw-bar  will  then  slide  backwards  by 
the  action  of  the  weights,  which  will  at  the  same  time  depress  the  levers 
and  apply  the  breaks. 

In  another  plan  for  accomplishing  a  similar  object,  recently  proposed 
by  Mr.  Alfred  Molson,  of  London,  the  application  of  the  breaks  is  pro- 
posed to  be  effected  by  means  of  a  break-bar  sliding  longitudinally 
under  each  carriage,  acting  on  the  levers  of  the  break-blocks,  and  pro- 
jecting at  each  end  of  the  carriage  as  far  as  the  buffers,  so  as  to  come 
in  contact  with  the  ends  of  the  break-bars  of  the  adjoining  carriages. 

On  a  check  being  given  to  the  engine,  and  its  speed  being  retarded 
by  applying  the  break  to  the  tender,  the  hindmost  carriages  of  the  train 
will  press  on  those  preceding  them,  and  the  springs  of  the  ordinary 
buffers  giving  way,  the  train  will  be  thereby  shortened  some  inches 
while  the  break-bar  of  each  carriage  remaining  of  its  original  length, 
and  resisting  the  advance  of  the  carriages  behind,  it  will  follow  that 
the  last  two  or  three  carriages  will  have  the  breaks  put  on  before  even 
the  guard  in  the  van  has  turned  the  handle  of  his  break. 

The  two  latter  plans  not  having  been  yet  tried,  except  in  models, 
no  practical  results  can  be  given,  and  they  have  been  named  with  the 
view  of  bringing  under  the  consideration  of  the  members  the  important 
subject  of  the  prevention  of  collisions  of  railway  trains,  by  increasing 
the  retarding  power  of  the  breaks. 


A  large  working  model  of  Mr.  Newall's  Railway  Break  was  ex- 
hibited and  shown  in  action ;    also  a  model  of  Mr.  Newton's  Break. 

The  Chairman  observed  that  ho  had  been  much  struck  with  the  very 
prompt  and  instantaneous  action  of  Mr.  Newalls  break  when  he  T^at- 
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nessed  the  recent  trial  of  it  upou  the  East  Lanc^hire  fiailway ;  it  wmld 
be  an  important  auxiliary  in  preventing  coDiaions  if  the  means  were 
always  at  hand  for  stopping  the  trains  in  so  short  a  distance,  and  thii 
break  appeared  well  suited  for  the  purpose,  if  it  did  not  get  oot  ol 
order,  and  was  not  too  expensive. 

Mr.  Perrixg  said  he  had  observed  the  working  of  these  breaks 
during  three  months'  daily  work  on  the  East  JL«ncasbire  Kail  way.  in 
which  time  they  had  travelled  9400  miles  between  Manchester  and 
Colne,  with  4811  stoppages,  being  stopped  at  a  station  every  twomilca 
There  had  been  no  case  of  the  breaks  being  out  of  order  during  this 
trial,  and  they  had  been  found  to  work  quite  satisfactorily  and  efficiently; 
he  had  recently  e:^mined  them  and  found  the  whole  apparatus  ms 
standing  well ;  the  break-blocks  were  worn  down  much  less  than  osatl 
in  the  time,  on  account  of  the  greater  number  of  them  that  were  in  action 
at  once,  and  the  wheel  tires  were  found  to  have  worn  onlj  about  1-IOth 
of  an  inch  in  tho  time,  as  shown  by  the  templates  of  the  tires  exhibited. 
There  were  three  trains  running  with  these  breaks  on  the  East  Lan- 
cashire Railway,  and  he  should  be  glad  to  show  them  in  operation  to 
any  of  the  Members  who  might  wish  to  examine  their  action. 

The  Chairman  inquired  what  would  be  the  expense  of  applying  ^i" 
NewalVs  plan  to  the  present  railway  carriages  ? 

Mr.  Newall  replied  that  the  cost  of  applying  it  to  the  present 
break-carriages  would  be  about  £9  per  carriage  ;  but  he  did  not  think 
the  extra  cost  would  exceed  £6  per  carriage  in  the  case  of  building  ne^ 
stock. 

The  Chairman  observed  that  the  principle  of  the  break  had  cer 
tainly  a  great  advantage  in  the  promptness  with  which  the  breaks  in  the 
train  could  be  all  put  on  simultaneously,  either  by  the  guard  or  the 
engineman  in  the  moment  of  emergency,  as  the  springs  had  only  to  be 
released  at  the  moment  the  breaks  were  required,  and  there  was  always 
plenty  of  time  afterwards  for  drawing  them  up  again.  The  break 
handle  also  gave  the  means  of  direct  communication  between  the  guard 
and  the  engineman,  free  from  interruption. 

He  inquired  what  would  be  the  cost  of  Mr.  Newton's  break? 
and  how  he  proposed  to  provide  for  backing  a  train  without  causing 
the  breaks  to  be  put  on  P  He  did  not  see  ^how  that  could  be  accom- 
plished by  his  plan. 
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Mr.  Newton  replied  that  he  thought  the  extra  cost  would  not  exceed 
£3  per  carriage.  When  the  train  was  backed  there  would  be  a  means  re- 
quired for  holding  the  draw- bars  so  as  to  prevent  the  breaks  being  put  on, 
also  to  give  the  guard  the  means  of  patting  on  the  breaks ;  the  plan  had 
not  been  completed  jet  in  this  respect,  but  he  thought  it  was  practicable 
to  aocoraplish  the  object. 

Mr.  Dyer  remarked  that  there  would  be  a  disadvantage  in  having 
a  weight  instead  of  a  spring  for  acting  on  the  break,  as  there  would  be 
the  weight  to  be  carried,  and  its  action  would  not  be  so  steady  as  a 
spring. 

He  proposed  a  vote  of  thanks  to  the  Chairman  for  his  paper,  which 
was  passed ;  and  to  Mr.  Newall  and  Mr.  Newton  for  the  models  thej 
had  brought  before  the  meeting. 

Mr.  CowPER  proposed  a  vote  of  thanks  to  the  Council  of  the  Hoyal 
Institution  for  their  kindness  in  granting  the  free  use  of  their  Lecture 
Theatre  for  the  meeting. 

The  motion  was  seconded  by  Mr.  Jones,  and  passed. 

Tho  meeting  then  terminated. 


The  following  paper,  by  Mr.  Andrew  J.  Robertson,  of  London,  was 
read  at  a  previous  meeting  (see  Proceedings,  Institution  of  Mechanical 
Engineers,  1853,  p.  72),  but  the  publication  has  been  delayed  in  con- 
sequence of  the  absence  of  the  author  from  the  country. 

ON  THE  MATHEMATICAL  PRINCIPLES  INVOLVED  IN 
THE  CENTRIFUGAL  PUMP. 

In  a  paper  by  the  writer  at  a  former  meeting  (see  Proceedings  of 
the  Institution  of  Mechanical  Engineers,  1862,  pp.  99  and  153),  the 
action  of  Centrifugal  Pumps  with  straight  arms  was  investigated,  and  it 
was  shown  that  there  is  a  waste  of  power  to  the  extent  of  60  per  cent, 
in  consequence  of  the  circular  motion  communicated  to  the  water.  In 
Mr.  Appold's  pump  this  source  of  loss  is  avoided  to  a  certain  extent  by 
curving  ths  blades,  and  the  experiments  conducted  by  the  Jury  of  the 
Great  Exhibition  show  a  saving  of  44  per  cent,  over  the  same  pump 
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vith  stnugbt  arms.  Bat  us  the  actioii  of  these  blades  has  been  sappoaed 
to  be  that  of  a  system  of  inclined  f^ies,  (an  idea  in  which  the  writer 
concurred  at  one  time,)  it  appears  desirable  tlmt  the  subject  should  be 
brought  forward  again  for  the  purpose  of  investigating  the  true  cause  of 
the  efficiency  of  curred  blades. 

Whilst  therefore  the  present  forms  a  supplement  to  the  fonoer 
paper,  it  will  be  found  that  the  theory  of  curved  arms  constitutes  tbe 
general  proposition  of  which  that  of  straight  arms  is  the  particular  ctse, 
consequently  it  will  be  more  convenient  to  consider  the  subject  generallj, 
referring  only  to  the  former  paper  for  the  explanation  of  those  details 
which  it  would  be  useless  to  repeat 

A  Centrifugal  Pump,  then,  in  its  most  general  form,  may  be  ooo- 
fiidered  as  a  bent  pipe  A,  see  Figs.  8,  and  4,  Plate  40,  revolTin^ 
round  a  suction  pipe  B  as  a  centre,  the  plane  of  revolution  being  either 
horizontal  or  vertical,  and  the  curve  being  wholly  in  the  plane  of  revo- 
lution, as  it  will  be  evident  from  the  sequel  that  no  good  purpose  voold 
be  served  by  the  pipe  having  a  double  curvature. 

In  Fig.  1,  Plate  40,  let  RPT  be  the  centre  line  of  the  arm  or  pipe 
revolving  round  S  in  the  direction  of  the  arrow,  the  sectional  area  of  the 
arm  being  uniform  throughout. 

ST  the  radius  of  the  suction  pipe  =  B^, 

SR  the  radius  of  the  circle  described  by  the  extremity  <^  the 

arm  =  B^ 
•  =  the  angular  velocity, 
0  =  the  angle  PSX, 

r  =z  f  (fti  the  polar  equation  to  the  curve  of  the  arm, 
and  s  =  the  length  of  the  curve. 
Let  the  seciioual  area  of  the  pipe  be  constant  and  equal  unity. 
Then  the  weight  of  an  elementary  portion  of  tlie  contained  water 
is  represented  by  its  length ; — which*  taken  with  reference  to  the  angle 

described  by  the  radius  vector,  is  — ^. 

dB 

Since  the  element  at  P  revolves  in  a  circle  of  which  the  radios  is 

SP,  the  centrifugal  force  is  represented  by* 

g  dB  g      dB 

•  Mos€lej*s  Mechanical  Principles,  Kqnation  IW,  page  12«. 
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but  bj  the  principles  of  the  differential  calculus* 


Therefore  the  centrifugal  force  =    ^  ^   V  r'-j-  ^'. (i.) 

This  force  acts  in  the  direction  SP,  and  in  order  to  ascertain  its 
effect  in  propelling  the  water  along  the  pipe  it  must  be  resolved  into 
two  others, — one  in  the  direction  of  the  tangent  to  the  curve — the  other 
at  right  angles  to  it 

If  PS  represent  the  amount  of  the  centrifugal  force,  as  well  as  its 
direction,  PQ  will  represent  the  force  expended  on  the  material  of  the 
pipe,  and  PY  that  which  urges  the  water  above  it. 

The  perpendicular  on  the  tangent  of  a  polar  curve  is  represented  byf 


dr 
'IB 


Hence  PY  =  ■/  SP  —  SY»  =  v/'*"  ,  ,  dr'  =     /         ,,-« 

The  Force  along  PY  :  Centrifugal  force  : :  PY  :  PS, 

dr 
'dJ 


or  Force  along  PY  :  .fLl^/^  +-^«  ••      /  >^,   •   ^ 

Therefore  Force  along  PY  =  —  ^ ^2.) 

Since  the  sectional  area  has  been  supposed  equal  throughout  the 
length  of  the  arm,  the  water  must,  in  order  to  preserve  its  continuity, 
move  with  the  same  velocity  at  all  points ;  therefore  the  whole  force 
nrging  the  water  as  one  mass  along  the  arm,  is  the  sum  of  all  the  forces 
acting  on  the  individual  elementary  portions. 

Now  the  sum  of  all  the  forces  represented  by  Equation  (2)  is  the 
definite  integral  of  that  equation  between  the  limits  r  =  R,,  and 
r  =  Ri. 

•  Hall's  Differential  and  Integral  Calcnlns,  page  172. 
f  HaU's  Differential  and  Integral  Calculns,  page  17J. 
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Therefore  the  whole  fDree  prodnciiig  a  Htm  thne^^  the 


j/Trn-^A^-'^'y 


-(8.^ 


or  it  is  precisely  the  same  as  if  the  arm  were  strugbt. 

The  cflEect  of  a  Taiying  section  of  a  pipe  will  be  discnssed  aftenrards; 
but,  supposing  the  section  to  be  omform,  the  water  conLained  between 
two  consecutive  blades  of  ^r.  Appold  s  Pump  (sec  Fig.  0 ;  is  in  euarJj 
the  same  condition  as  that  contained  in  this  pipe.  It  mast  conseqaentlj 
be  evident  that  until  the  force  urging  the  water  outwanis  be  greater 
than  the  pressure  of  the  working  head  nhe  height  of  the  dischai^  above 
the  surface  of  the  water  to  be  raised  u  do  motion  outwaitb  cmn  taia 
place. 

Whatever  be  the  angular  velocitr,  therefore,  there  is  alwsjs  e  cer- 
tain head  which  will  be  jost  supported  and  no  more,  and  the  cense  of 
its  being  supported  b  centrifugal  force. 

If,  then,  whilst  the  velocity  remains  constant  the  bead  be  diminished* 
a  flow  will  take  place :  and  there  can  be  no  reason  for  supposing  the 
mode  of  action  to  change  and  become  that  of  an  inclined  plane,  li 
must,  therefore,  be  admitted  to  be  centrifugal  action  throughout,  and 
the  velocity  through  the  aim  is  that  due  to  the  excess  of  the  oentriiagil 
force  above  the  working  head,  and  is  equal  to 

s/ug  (|^(R!-R!)-*}=v/.'(R|-R')-2,k 

Let  m  R,  the  velocity  of  the  outer  extremity  of  the  arm  be  V, 
«Ri  ditto  inner        ditto        ditto  Y| 

and  let  ^gh  =  v* 

then  the  area  of  eectkm  being  nni^,  the  diadiaiige  per  seeond  k 
/-I i 1 

The  direction  in  which  the  water  would  move  when  it  leaves  the 
arm,  would,  if  there  were  no  circular  motion,  be  that  of  the  arm  itselt 
or  a  tangent  to  the  curve  at  the  extremity. 
Let  SR,  in  Fig.  1,  be  the  arm, 

BRO  a  tangent  to  the  curve  of  the  arm  at  R; 
Let  BR  represent  the  velocity  of  discharge, 
and  RD  a  tangent  to  the  circle  described  by  R  ivpraeent  the  tan- 
gential velocity, 
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then  RG  k  the  actual  motion  in  space  in  magnitude  and  direction. 
RC"  =  RB«  +  BC«  —  2  RB  .  BC  cos.  RBO 

=  ( V*  —  Vi  —  v)  +  v!I— aVgv/v^— Vl— i;*  cos.    RBC. 
Let  the  angle  SRO,  which  the  radius  vector  makes  with  the  tangent 
to  the  curve,  he  f, 

then  the  angle  RBC  =^  —  ^,  and  cos.  (~  — fj  =  sin  f 


Therefore  RC  =  i^V,— v'— ?;'-.» V,v/v^—vl— /sin.  «> 
Then  the  numhers  of  units  of  work  expended  upon  communicating 
to  the  water  the  velocity  with  which  it  leavee  the  pump,  ia 

and  the  numher  of  units  of  work  expended  on  raising  the  water 
delivered  to  the  height  of  discharge,  is 

Therefore  the  whole  power 


U^^XJ,  ==  (aV.---Vi-aVtV  V.-V»-t;  Bin.  »)v/v,-V,-t; ^^^ 

The  useful  eflfoct  =  ~  V^V,  —  V^  —  v* 
Therefore  the  ratio  of  useful  efiPect  to  the  power  expended  is 

. . ^'  (6) 

a  v|  —  v'  —  2  V,v/v,  —  V,  — v"  sin.  f 
When  f  as  0,  or  the  arm  terminates  in  the  direction  of  Ufie  mdius,  and 
if  Vi  be  considered  so  small  that  it  may  be  neglected,  the  expression 
beeomee  v* 

which  is  the  ratio  given  in  the  former  paper  for  a  pump  with  straight 
arms. 

Equation  (5)  is  evidently  a  maximum,  or  the  duty  is  greatest,  when 
ain.  f  is  a  maximum,  or  when  f  =  90''  the  expression  then  becomes 


as  /     2  9  1 

/Google 
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the  value  of  which  evidentlj  increases  as  v  diminishes,  or  the  eeonoiDT 
is  greater  the  lower  the  lift. 

It  appears,  then,  that  in  order  to  get  the  greatest  ratio  of  osefid 
effect,  the  angle  f  must  he  90**, — that  is,  the  arm  must  he  beot  fasck 
until  the  tangent  at  its  extremity  coincides  with  the  tangent  to  die 
circle  descrihed  hy  it.  Hence  the  yelocity  of  exit  is  directly  oppoeed  to 
the  tangential  velocity,  and  consequently  the  actual  velocity  of  the  mter 
is  the  difference  hetween  the  two  velocities. 

If  v  =  0,  or  there  be  no  head,  and  the  diameter  of  the  suction  pipe 
be  so  small  that  Vi  may  be  neglected,  the  velocity  of  dischaige  equab 
the  tangential  velocity,  and  the  water  drops  off  at  rest 

We  have  here,  then,  an  explanation  of  the  economy  ansbg  £roa 
the  use  of  curved  blades.  When  the  arms  are  straight  the  loss  out 
never  be  less  than  one-half  the  power,  because  one-half  is  absorbed  by 
the  tangential  velocity,  and  the  only  means  of  raising  the  per-eentage 
of  useful  effect,  is  by  diminishing  the  veloeUy  of  discharge.  But  with 
curved  arms  it  is  quite  the  reverse ;  the  greater  the  velocity  of  discharge 
the  less  is  the  difference  between  it  and  the  tangential  velocity. 

It  is  necessary  to  remark  here,  that  in  this  inquiry  it  has  been 
assumed  that  only  that  water  which  is  between  the  blades  has  a  rotatoiy 
motion,  and  that  the  centrifugal  force,  and  consequently  the  colomn 
balanced  by  it,  are  less  than  if  the  blades  extended  completely  to  the  centre. 
Now  this  is  not  exactly  true,  for  it  is  evident  that  a  certain  amooat 
of  rotatory  motion  will  be  communicated  to  the  water  in  the  entranoe 
by  contact  with  the  sides,  and  that  part  of  the  water  which  is  revolving. 
The  amount  of  this  motion  it  is  impossible  to  determine,  but  it  wili 
probably  be  proportionately  greater  the  less  the  velodtj  throng  the 
pump. 

The  following  table  is  calculated  to  show  the  variation  of  effect  pro- 
duced by  a  variation  in  height  of  lift — supposing  the  direction  of  the 
arm  at  the  extremity  to  be  a  tangent  to  the  circle  described  by  it,  V 
to  be  neglected,  and  the  velooity  of  Jthe  extremity  of  the  arm  to  be  Sd'2 
feet  per  second — 
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RnoHT  or  urr. 

PKB-CSMTAOB  OF  Xmcg, 
POWKR  BEIKO  100. 

8  feet 

93 

6    „ 

90 

9    „ 

83J 

12    .. 

76 

15    „ 

63 

16    ,. 

No  delivery. 

Although,  as  we  haye  seen,  the  nature  of  the  curve  of  the  arm  is  a 
matter  of  no  consequence  as  far  as  the  principle  is  concerned,  it  must 
be  more  important  in  practice. 

The  form  which  would  cause  the  water  to  move  in  a  straight  line 
from  the  centre  to  the  circumference,  would  evidently  be  the  best. 
This  can  be  given  only  when  there  is  no  lift,  that  is  when  the  velocity 
of  delivery  is  equal  to  that  of  the  end  of  the  arm ;  but  the  curve  which 
suits  this  case  will  give  the  nearest  approximation  at  all  other  velocities 
of  delivery. 

Let  PO,  in  Fig.  2,  be  a  portion  of  the  arm  revolving  round  the 

centre  S, — 
let  the  velocity  of  flow  through  the  arm  be  uniform  and  equal 

to  c, — 
«  being  the  angular  velocity  of  the  pump, 
«  r  is  the  actual  velocity  of  the  point  P. 
Then  if  PO  bear  the  same  proportion  to  PR  (the  portion  of  the  circle 
described  by  P  round  S),  that  the  velocity  c  does  to  the  velocity  of  P ; — 
the  particle  of  water  which  at  the  commencement  of  the  motion  was  at 
O,  will  reach  P  at  the  same  instant  that  P  reaches  R, — that  is,  the 
particle  at  0  will  have  moved  through  space  along  the  line  OR. 
Let  PY  be  a  tangent  to  the  curve  of  the  arm, 
the  angle  SPY  =  f 
then  PT  =  PO  sin.  f  =  PS  sin.  PST. 
But  the  angle  PST  may  be  indefinitely  diminished,  and  then  the  ratio 
of  the  line  to  the  arc  becomes  one  of  equality ;  so  that 
PO  sin.  f  =  PS  M,  when  M  is  the  differential  of  the  arc. 
Then  make  PO  :  PS  M  : :  c  :  «  r 
or  ^1  :     rW  : :  c  :  « r 
.    h       ds         c 


•   M       dO 
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in 


I 

~— "— —    \* 

Therefore  ^=v/r»+^,  =  ^ 

whence  ^"^       v/  ^  —  r*  and  ^^ 

Therefore  0  -—  sin. 

c 

and  f  =  -^  sin.  6 . 

-r« 

«  • 

which  is  the  equation  to  the  curve.   ^ 

This  differs  from  the  spiral  of  Archimedes,  as  the  equation  to  that 
curve  is  r  =  m  ft. 

From  equation  (8)  we  have  sin.  0  =  —  or  6  —  90*  when  c  -=  a  r, 

that  is  when  the  velocity  of  discharge  is  equal  to  the  velocitj  of  the 
arm. 

In  this  case  we  find  from  (7)  that  «  = _=-r—  or  the  length 

of  the  arm  is  a  quadjrant  of  the  circl6  described  by  the  extremity. 

Hitherto  the  sectional  area  of  the  arm  has  been  supposed  eonstani; 
— the  next  question  for  examination  is  what  effect  is  prodooed  by  a 
variation  of  the  section. 

A  solid  of  the  form  of  the  water  contained  in  an  arm  of  variaUe 
section,  would  have  a  centrifugal  force  dependent  upon  the  positioa  of 
the  centre  of  the  gmvily ; — ^but  it  is  evident  that  the  column  which  the 
centrifugal  force  of  the  water  will  balance,  will  be  the  same  whether 
the  section  be  uniform  or  variable,  upon  the  same  principle  that  the 
pressure  per  square  inch  produced  by  a  vertical  oolunm  is  indepeodaDt 
of  any  variation  in  the  section  of  that  column,  and  dependent  only  on 
its  height. 

It  follows  therefore  that  the  column  whieh  is  available  for  the 
production  of  the  velocity  of  discharge,  namely,  the  differ^D^  ^ 
tween  the  column  representing  the  centrifugal  force,  and  the  height 
of  the  orifice  of  dischai^e  above  the  surface  of  the  water  in  th^ 
cistern,  is  the  same,  whether  the  section  of  the  arm  be  constant  or 
variable. 
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If  the  section  diminishes  towards  the  outer  extremity,  the  Telo- 
city will  increase;  if  the  section  increases,  the  velocity  will  diminish. 
But  as  the  velocity  produced  by  a  given  column  can  only  he  that 
due  to  the  height  of  the  column,  it  must  in  the  first  instance  be 
considered  as  divided  into  two  parts,— one  producing  the  velocity 
with  which  the  water  must  be  added  at  the  entrance  of  the  pipe,  the 
other  producing  the  acceleration ; — in  the  latter  ease  the  water  is 
dragged  through  the  entrance  with  a  velocity  greater  than  the  ultimate 
velocity,  and  loses  it  in  its  passage  through  the  pipe  by  communi- 
cating in  its  turn  excessive  velocity  to  the  water  entering.  There 
appears  therefore  to  he  no  advantage  in  principle  in  giving  to  the 
arm  a  variable  section. 

In  corroboration  of  this  view  of  the  subject,  the  experiments  c^ 
Venluri  may  be  appealed  to.  It  is  well  known  that  when  a  conical 
pipe,  as  A  B  in  Fig.  5,  was  attached  to  an  orifice  in  a  vessel  kept 
constantly  full,  the  discharge  was  due  to  the  head  of  water 
above  the  centre  of  the  pipe  and  the  area  of  the  orifice  B.  But 
when  a  diverging  conical  pipe  B  G  was  added,  the  dischai^e  was 
considerably  increased.  This  increase  of  delivery  has  been  attri- 
buted to  the  attraction  of  the  sides  of  the  pipe  for  the  water,  but  this 
is  a  cause  wholly  inadequate  to  the  effect.  It  is  clear  that  whatever 
be  the  velocity  of  a  particle  at  B,  it  is  diminished  when  it  comes  to 
G  in  the  same  proportion  as  the  sectional  area  is  increased.  But 
no  effect  can  bo  produced  witliout  a  cause :  some  retarding  force 
must  therefore  have  been  in  operation. 

Suppose  the  velocity  to  continue  the  same; — ^the  portion  of  water 
at  B,  (section-lined)  becomes  thinner  as  it  advances  along  the  ex- 
panding pipe  to  G,  and  according  to  the  supposition,  the  continuity 
of  the  water  will  be  broken,  and  a  space  left  between  all  the  element- 
ary portions  into  which  the  water  may  be  supposed  to  be  divided. 
But  the  space  so  left  (shown  white)  would  be  a  vacuum,  and 
consequently  the  pressure  of  the  atmosphere  would  be  exerted  to 
propel  the  particles  at  B  faster,  and  chock  the  velocity  of  those  in 
advance. 

It  must  therefore  be  evident  that  the  effect  will  be  that  the 
continuity  of  the  water  is  preserved,  and  the  motion  of  the  particles 
at  B  increased  considerably  beyond  what  it  would  otherwise  have 
been.  ^  . 
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For  the  production  of  this  effect  it  is  necessaiy  that  the  pipe  be 
of  such  a  material  that  there  may  at  least  be  no  repulsion  between 
it  and  the  water,  as  in  that  case  the  water  would  not  flow  in  a  foil 
stream; — and  it  must  moreover  be.  evident  that  if  it  were  not  for 
friction,  the  velocity  of  discharge  at  C  would  be  precisely  the  same 
as  if  the  orifice  B  had  had  the  same  size,  and  there  had  been  do 
additional  conical  pipe.  In  practice  friction  has  a  considerable  in- 
fluence, and  the  delivery  is  accordingly  less  than  that  due  to  Uie 
head  and  the  area  at  C. 

From  Equation  (6)  it  appears  that,  ceteris  paribus,  the  economj  is 
greater  the  smaller  Y  is ;  that  is,  the  smaller  the  diameter  of  the 
suction  pipe.  But  if  this  pipe  were  made  very  small,  power  would 
be  lost  in  communicating  to  the  water  an  annecessaiy  veloeitj,  and 
therefore  it  follows  that  the  most  advantageous  proportion  is  when 
the  area  of  the  suction  pipe  at  the  entrance  of  the  arm  is  just  equal 
to  that  of  the  arm,  and  that  the  per-centage  realized  with  one  arm 
will  be  greater  than  when  there  are  several.  It  also  follows  that  it 
is  more  advantageous  to  increase  the  diameter  of  the  pump  than  the 
angular  velocity. 

In  Mr.  Appold's  Pump  the  diameter  of  the  suction  pipe  bears  a 
large  proportion  to  the  diameter  of  the  disc,  being  as  much  as  one 
half.  It  will  I'dcewise  be  evident  from  the  drawing.  Fig.  6,  of  diis 
pump,  that  the  channel  formed  by  two  contiguous  blades  A  A,  does 
not  terminate  at  R  in  the  d'urection  of  a  tangent  to  the  circle  described 
by  the  extremity,  but  makes  a  considerable  angle  with  the  tangent 
It  may  therefore  be  expected  that  a  higher  percentage  may  yet  be 
realized  than  is  shown  by  the  experiments  of  the  Jury  of  th^  Great 
Exhibition. 
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